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PREFACE 

This part of Quain's Anatomy deals with the topographical anatomy and 
the morphology of the digestive, respiratory, and genito-urinary systems, and 
of various bodies situated in the neck, thorax, and abdomen, which may be 
grouped together as ductless glands, or organs of internal secretion. The 
text has been thoroughly revised and in places rewritten. In addition, a 
large number of original illustrations have been added to the work — ^most 
of these have been drawn by Miss Alice M'Hinch. The chapter on the 
peritoneum has been written by Mr. P. T. Crymble, who has supphed many 
new figures for it. A number of drawings by the late Professor J. S. Dickey 
have been utilised in the account of the respiratory organs. The skiagrams 
of the teeth are from an Atlas by the Editor and Dr. Eankin. Acknow- 
ledgments are due to Dr. Christopher Addison, Professor W. M. Baldwin, 
Dr. W. L. H. Duckworth, Dr. H. P. Malcolm, Mr. J. Howard Munamery, 
and Mr. J. W. Thomson Walker for permission to use blocks. The proofs 
have been read and the index prepared by Miss M. E. Eea, 
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DIGESTIVE SYSTEM. 



The dUrestlve system (apparatus digestorius) consists of the alimentary canal, 
the teeth, and various glands — the secretions of which are discharged through 
ducts opening into the canal. 

The alimentary canal commences at the mouth and terminates at the anus. 
Its total length is, on an average, about 8 metres to 10 metres (25 to 30 feet). 

The part situated in the head, neck, and thorax is comparatively straight, and 
measures from its commencement at the entrance into the mouth to its termination 
in the stomach about 37 cm. to 45 cm. (15 to 18 inches). The rest of the canal lies 
in the abdomen and pelvis. If this portion extended in a straight line from the 
oesophageal opening of the stomach to the anus, it would not exceed in length the 
part above the diaphragm ; but in consequence of its convoluted and tortuous 
course, it is nearly twenty times as long. 

The part of the alimentary canal which lies above the diaphragm consists of the 
mouth, fharynx, and oesofhagus ; while that contained in the abdome n and pelvis 
consists of the stomach and the small and large intestines. The mouth is partly 
bounded by certain bones of the skull — namely, the maxillae and palate bones above 
and the mandible below. It is provided with special masticatory organs — the teeth 
— while the tongue forma a muscular elevation in its floor. The upper part of the 
pharynx is purely an air-passage, and communicates anteriorly with the two nasal 
cavities, and laterally, by the two auditory tubes, with the tympanic cavities. 
In its lower part, the larynx opens on its ventral wall between the mouth and the 
oesophagus. From the oesophagus to the anus, the alimentary canal is much simpler 
and more uniform in its structure. It forms a tube (tubus direst orlus), the 
cavity of which is bounded from within outwards by a mucous membrane, a 
submucous layer, and a muscular coat. The stomach and intestines are partially 
provided, in addition, with an external serous coat derived from the peritoneum. 
Numerous small glands are situated in the wall of the alimentary canal, some 
in its mucous membrane, and others in its submucous tissue. The larger glands, 
the ducts of which open into the canal, are the salivary glands, the liver, and the 
pancreas. The ducts of the salivary glands open into the mouth, and thdse of the 
liver and pancreas into the upper part of the small intestine. Since the respiratory 
tract is developed in much the same way as a gland by an outgrowth from 
the ventral wall of the fore-gut and remains permanently connected with it, 
the alimentary canal and respiratory organs are often grouped together as the 
gastro-pulmonary system. 

CAVUM ORIS. 

The cavity of the mouth opens anteriorly on the face by a transverse aperture 
called the rima oris, while posteriorly it communicates with the pharynx through 
the fauces {isthmtts faucium). When the lips are in contact, the oral aperture 
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2 DIGESTIVE SYSTEM 

is Bituated above the level of the line of contact of the teeth of the upper and 
lower jaws, and generally coireepondB to the level of the middle of the crowns 
of the upper teeth as far outwards as the firet premolars. The oral cavity is 
divided into two parts — an outer and inner — by the alveolar arches and teeth 
(see fig. I). 

The outer and smaller part (vestlbnliun orl*) is horseshoe shaped, and is 
bounded externally by the lips and cheeks; internally by the teeth, and by the 
gums covering the outer aspect of the alveolar processes of the upper and lower 
jaws. The roof and floor of the vestibule are formed by the reflection of the mucous 
membrane of the lips and cheek inwards to the alveolar processes, these it joins 



FlO. I.— COBOItAl. 8ICIIQH or TUX MOUTH JDBT ■UOnS THK 8B00HD VOUB TEETK. Nfttiml tize. 

(J. Sjmingtaa.) 
I,iunl lemm; 2, maiilUfy iinm ; 3, cavnin oiia prapriam ; 4, (uperior nlTWila-labUI nilaui ; S. veetibulum 
oris ; S. bucciutor mude ; T, MerJO' ■Iveolo.l&bial nluni ; B, niblingiul gland ; 9. duct of subiUBJidibalH 
g^and; 10, luperior longitadiul mnscle ; 11, inferi<» laiigitadinal i 12, gBOio-gltwiui 13, genio-hyoidt 
14, mTlo-hjoid ; 16, uitcriar beUj of digutrio ; 10, pla^nos. 

about the level of the middle of the roote of the teeth. The extension of the vestibule 
upwards and downwards, external to the gums, may be called the supaior and 
inferioT alveolo-labial 3ulci. Each of these sulci is interrupted in the median plane 
by a small vertical fold of the mucous membrane called the frenulum labii. The 
fold connecting the upper lip with the gum is larger than that of the lower lip. 
The inferior sulcus tends to become gradually shallower as it passes backwards, 
until opposite the last molar tooth where the floor rises somewhat abruptly. The 
vestibule extends posteriorly to the level of the anterior border of the ramus of 
the mandible, lateral to which and extending forwards beyond the ramus is the 
masseter muscle (see fig. 3). It receives on each aide the secretion of the parotid 
gland. 

The inner portion of the mouth (cavnm oris proprttun) Hes within the 
concavity of the alveolar and dental arches, and is bounded above by the hard 
palate, whUe in its floor is situated the anterior portion of the tongue. Behind, it 
communicates with the pharynx. 
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If the mouth is closed, the dorsum o! the tongue ifl more or less accurately 
moulded to the palate, its tip and sides are in contact with the teeth, and the free 
part of the under-aurface rests upon a horaeshoe-Bhaped area of mucous memhrane, 
which extends from the maudible to the tongue. This area is sometimes termed 
the floor of the mouth. In the median plane, the mucoufl membrane forms a vertical 
fold — the frenulum iinguie — and on each aide of this fold there is a small conical 
elevation, at the apex of which is the orifice of the duct of the submandibular 
gland. Passing backwards and outwards from this elevation is a ridge, 2 cm. 
to 3 em. in length, due to the sublingual gland, and on this ri<^ are the openings 
of small ducte from this gland. The cavity of the mouth is opened by the 
depression of the mandible and of the tongue. 

When the teeth of the upper and lower jawa are in contact, the vestibule of the 
mouth communicates with the cavity of the mouth proper, merely by the narrow 
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clefts between the teeth and by somewhat larger openings placed behind the last 
molar teeth and in front of the ramus of the jaw, but they communicate freely with 
one another when the mandible is depressed. The aperture on each side behind 
the last molars is bounded posteriorly by the mucous membrane passing inwards 
from the ramus of the jaw in front of the internal pterygoid muscle and the 
pterygo-mandibular raphe. 

LABIA ORIS AND BVCGM. 

The lips and cheeks are composed externally of akin, and internally of mucous 
membrane, between which are included muscles, vessels, and nerves, areolar tissue, 
fat, and numerous mucous glands. 

The upper lip (inbloin snpsiiun] is contiauous above with the nasal septum. 
the posterior boundary of the nares and the alie nasi ; below, it ends in a free border. 
On each side, the naso-labial sulcus (see fig. 4), passing obliquely downwards and 
outwards from the ala of the nose towards the angle of the mouth, may be regarded 
as indicating the line of union of the upper Up with the cheek. Below the nasal 
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septum, the upper lip is marked by a shallow vertical depression— the pftiftrum. 
This median portion is probably developed from the fronto-nasal process, while 
the lateral parts are formed from the manllary processes. The lower lip (labium 
Inftrloa) does not show a similar division into a median and two lateral portions. 



/eld 



DigaOrie tniucft 

— HOBIZONTAL SKTIOH Ot F«HT OF THI BUD IT THK LEVmL OF THE inaLK OF TBI HOtTTB, 

viiwED FROM iBOVE. NstuTnl >ii«. (J. Syioingtoa.) 

u not cut. P.G.. parotid gknd; M., 

but it is separated from the mentum or chin by a transverse groove (sulcus 
metUo-U^alU). 

The free borders of the lips consist of an anterior and a posterior portion. The 
anterior parts are not in contact, except when the oral aperture is firmly closed, 
but appear on the face as a dry, red, muco-cutaneous area, which is provided with 
numerous minute vascular papiUse and an abundant nerve-supply, so that it is 
highly sensitive. The posterior parts of the free borders of the lips, which meet 
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when the mouth is closed, are covered with a muooTis membrane, kept moist by 
the secretion of well-developed submucous glands. The protrusion of the mouth 
in the negroid races is said to be largely due to the marked development of the 
mucous glands of their lips. 

The layer of muacular fibres seen in sagittal sections of the lips and forming 
the orbicularis oris muscle extends to the junction of these two portions of the labial 
border, and then bending sharply forwards lies immediately beneath the dry muco- 
cutaneous membrane and ends at the union of this membrane with the skin. 

The cheeks (bacosa) are continuous in front with the lips, and reach backwards 
to the masseter muscles. On their lateral or cutaneous aspect they possess no 
distinct upper or lower boundary, but internally they may be regarded as limited 
by the line of reflexion of the mucous membrane inwards on to the alveolar arches. 
The mucous membrane of the cheek, owing to its 
close attachment to the buccinator muscle, is either 
smooth or only slightly folded. The variations 
in the thickness of the cheek are almost entirely 
dependent upon the amount of fat situated between 
the skin and the buccinator muscle. During 
infancy, fat is especially abundant in this region, 
BO that not infrequently the thickness of each 
cheek is nearly equal to the transverse diameter of 
the cavity of the mouth. In addition to the ordinary 
subcutaneous fat, there is a special lobule {corpus 
adipoaum bucca) provided with a well-defined 
capsule, situated in the posterior part of the cheek. 
This is often termed the sucking-pad, as it tends 

to prevent the cheeks being pressed inwards by the ^'°- *— Vi«w or ihi lowib not 
atmospheric pressure during sucking (see Symington, (j. Srmingtoo.) 

' The Topographical Anatomy of the Child,' p. 14). 

The fat of the cheek is not only continuous with the adjacent subcutaneous fat, 
but it also extends upwards and backwards, internal to the masseter and temporal 
muscles, to gain the interval between the two pterygoid muscles. 

Some smalLglands {buccal glands) lie between the buccinator muscle and the 
mucous membrane of the cheek. Two or three, larger than the rest, found between 
the masseter and buccinator muscles, and opening by separate ducts near the last 
molar teeth, are called the molar glands. The secretion of these glands is under- 
stood to be mucus ; whether it has any of the specific properties of saliva is not 
known. 

Immediately within the lips and cheeks are the detUal arches, consisting of the 
teeth, gums, and alveolar borders of the jaws. The gums (gingivw) are composed 
of dense connective tissue, cohering very closely with the periosteum of the alveolar 
processes, and covered by a red and highly vascular mucous membrane, which is 
smooth in its general surface, but is beset with fine papillie in the immediate vicinity 
of the teeth. 

Blood-veuela, IjmpbaUos, and nerres of the cbsek and llp».^ 
Arteries. — The external maxillary artery passes across the cheek, in which 
the pulsations of the vessel can readily be felt. It supplies small twigs to 
the cheek, and there are also vessels entering the cheek from the buccinator 
branch of the internal maxillary artery. The lips are supplied by the superior and 
inferior labial branches of the external maxillary arteries. The labial arteries lie 
mainly in the submucous tissue, but occasionally are found embedded in the 
orbicularis oris muscle ; they anastomose with the vessels of the opposite side. 



6 DIGESTIVE SYSTEM 

The veins form plexuses : that at the free border of the lips being especially well 
marked. The blood is returned mainly by tributaries of the facial vein, but a 
few join the submental vein, and others communicate posteriorly with the 
pterygoid plexus. 

The lyinphatlos of the lips are divisible into subcutaneous and submucous. 
The subcutaneous vessels of the lower lip pass downwards over the mandible, near 
the median plane, anastomose with those of the opposite side, and end in the 
submental glands. The other vessels from the lips pass backwards and downwards 
from near the angle of the mouth, and accompany the external maxillary artery 
to the lower border of the mandible, which they cross to enter the mandibular glands 
or pass on to some of the upper deep cervical glands. The lymphatics from the 
cheek accompany those of the upper lip, and have a similar termination. A few 
small Ijrmphatic glands exist in the cheek near the angle of the mouth and also 
farther back in front of the masseter muscle. 

If erres.' — The mucous membrane of the cheek is supplied by the buccinator 
branch of the mandibular nerve, and the skin mainly by branches of the 
auriculo-temporal nerve, which accompany the branches of the facial nerve 
(Frohse). The skin and the mucous membrane of the upper lip are supplied by 
the rami labiales superiores of the maxillary nerves, and the corresponding 
structures in the lower lip come from the rami labiales inferiores of the mental 
branch of the mandibular nerves. The facial is the motor nerve to the muscles of 
the cheek and lips. 

LINGUA. 

The tongue (lingua) is a muscular organ, situated in the floor of the mouth 
and in the anterior wall of the oral portion of the phar3mx. It consists of a main 
portion or body, an anterior free extremity or tip, and a lower fixed part or root, 
which is attached to the lower jaw and hyoid bone. Its upper or dorsal surface, 
which is covered in its entire extent by mucous membrane, is convex from before 
backwards, and from side to side, with a slight median depression. This surface is 
in relation with the hard and soft palate, the palatine tonsils, the posterior wall of 
the pharynx, and the upper part of the anterior surface of the epiglottis (see fig. 13). 
The under-surface is free and covered with mucous membrane, in its anterior part 
only ; the larger and posterior portion of this aspect not being free, but connected 
by various muscles with the lower jaw, hyoid bone, and styloid process. Here 
also enter its blood-vessels and nerves. The tongue has a free rounded border at 
its anterior extremity or tip, and at the sides as far back as the last molar teeth, 
where the lateral borders gradually disappears. 

Mucous membrane. — On the under-surface of the tongue, the mucous 
membrane is smooth and thin, and in the middle line is raised into a prominent 
vertical fold, the frenulum lingucB, In front of the frenulum, the lingual vein can 
be distinctly seen on each side through the mucous membrane, and close to it lies 
the deep lingua] artery. Farther out, a slight fold of the mucous membrane {plica 
fimbriata), with its free edge notched (see fig. 6), passes from near the tip back- 
wards and outwards. This fold is better marked in the fetus and child than in 
the adult ; and, according to Gegenbaur, it is a vestige of the under-tongue of 
the lemurs. From the under-surface of the tongue, the mucous membrane is 
reflected towards the inner aspect of the lower jaw. The deep groove between 
the tongue and the alveolar process of the jaw may be termed the dveolO'linguai 
sulcus. 

The dorsal surface of the tongue (fig. 7), from its mode of development and the 
structure of its mucous membrane, presents a natural division into an anterior and 



a posterior portion. The anterior part ia developed in connexion with the inner 
aspect of the mandibular arch, and the posterior from the second and third arches. 
These two portions are frequently separated in the adult hy a median pit — the 
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foramm aecmn — and a shallow groove {sulcus terminalis lingua. His) passea from 
this outwards and forwards on each side to terminate in front of the lower end of 
the anterior palatine arch. The anterior portion, forming about two-thirds of the 
upper or dorsal surface, has its mucous mem- 
brane thin, closely adherent to the musciilar 
tissue betow, and provided with numerous small jp„„uiuin 
eminences named papillte. These are also found tingwe 
upon the tip and borders, where, however, they Plica raUm- 
gradoally become smaller, and towards its under- 9««I" 
surface ljiey disappear. Themucousmembrsne "^^i^ 
on the posterior third of the tongue difiers jf. jenio- 
considerably from that covering its anterior gloatiu 
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two-thirds. It is thicker, smoother, and less 

adherent, and in place of papillie, is studded or a ^ibit'Sobh child. {Gegeabonr.) 
with numerous mucous glands and lymphoid 

follicles. The latter are often called the tontiUa lingualU. Three folds of the n: 
membrane — one median and two lateral— named the glosso-eftgloUic folds, -pAii back- 
wards from the base of the tongue to the epiglottis. Between these folds are the two 
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glotto-epiglQUic/ostce oi Hnuses. Farther forward, the mucous membT&ne is joined 
on each side by the anterior palatine arch, behind which it is continuous with the 
mucous membrane covering the tonsils. Except in the neighbourhood of the 
vallate papilla, the papillary surface of the tongue is devoid of glands, but they 
occur abundantly at the base, sides, and under-snrface of the organ, and are in 
structure similar to those which occur elsewhere in the mouth. 

Mid.gtomo-epigi. 



PaJaiine tmuU 
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The paplllsB found on the anterior two-thirds of the tongue are of four 
kinds: vaUate, fungiform, conical, and foliate, varying both in size and form, but 
all of them visible to the naked eye ; they themselves, like the rest of the mucous 
membrane of the tongue and mouth generally, are covered with closely set, micro- 
scopic secondary papilla, hidden under the epithelium, which correspond with 
those of the skin, and are each occupied by a long loop of capillary blood- vessels. 
Lymphatics also originate within the papillee, and pass, as elsewhere in the mouth, 
into a superficial plexus in the mucous membrane, from which again the lymph is 
conveyed away by valved vessels seated in the submucous tissue. 

The vi^lgte jiapillcd (fig. 7), from seven to twelve in number, are found at the 
union of the middle and posterior thirds of the tongue, arranged in two lateral 
lows, which run obliquely backwards and inwards towards a median papilla, like the 
arms of the letter V ; but not infrequently there are two papiUte in the middle Ime. 
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These vallate papille are situated in cup-like c(epres«ons of the mucous membiaDC, 

and have the shape of a truncated cone, of which the smaller end is attached to the 

bottom of the cavity , and the broad flattened 

base appears on the surface (fig. 8). They 

are, therefore, surrounded by a circular 

trench (fo8SB),around which again is a alight 

annular elevation of the mucous membrane 

(vallum). In some of them there is found 

a central depression. The ducts of one or 

more ae ro us gl ands open into the trench of 

each vikTIatepapilla (fig. 8, d ; fig. 9, M). 

The stratified epithelium covering each pni. s.— 

papilla vallata is thick, and completely '«o"t 

conceab the minute secondary papillsB. ,,, *; *^ K^^L ^' "" ■'™,'^ "'"■ 

II.- ^"^ figure ihoin the nerTst. n k. of tbe pspUla 

Taste-buds are found forming a zone spnuUng tmnrdj the •uiface, and towinla 

around the circumference of these papillffl; *** i-te-bud. which ue smbodded in tbe 

, . , , c r ' epithelium at the aidee ; in Uie gnloui on the 

m man ana some ammals also upon the kft, the duct. d,ott gluid ■■ leea to open, 
opposite walls of the valla (fig. 9). 

The Jun^i/orm pa^iUtB, more numerous than the last, are small rounded 
eminences .scattered over the middle and fore-part of the dorsum of the 
tongue (fig. 7) ; but they are found in greater number and closer together at the 
apex and near the borders. They are easily distinguished in the living tongue 
owing to their deep -red colour. 
They are narrow at their points of 
attachment, but are gradually en- 
larged towards their free extremities, 
which are blunt and rounded. 

The conical papillfB are the most 
numerous of all, as well as the 
smallest. They are minute, conical, 
tapering, or cylindrical eminences, 
which are densely set over the greater 
part of the dorsum of the tongue 
(fig. 7), but towards the base gradu- 
ally disappear. They are arranged 
in lines diverging from the raphe : at 
first in an oblique direction, like the 
two ranges of papillEe vallatee, but 
gradually becoming transverse to- 

_ 7 _ .^ wards the tip of the tongue. At 

Pro. 9.— Seotiok of taluti rxpiLLi, hdiun. Thi , . , , , * , 

iPiLL* *ND the sidea, they are longer and more 
Mignified slender, and arranged in parallel 
rowa, perpendicular to the border 
of the tongue. The papillfe, here 
described as conical, are sometimes . 
divided into the conical and the filiform — the latter being the shorter and the I 
smaller. 

The papillary surface of the tongue is supplied abundantly with nerves, some 
of which terminate in end-bulbs, and a few in tactile corpuscles. In the fungiform 
papilhe the nerves are large and numerous ; but they are atill more abundant, 
and of greater size, in the vallate papiUte, where they are chiefly distributed in 
the neighbourhood of the taste-buds (fig. 8). 
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The papillae, besides being the parts chiefly concerned in the special sense 
of taste, also possess, in a very acute degree, tactile sensibility ; and the conical 
and flliform papillae, armed with their denser epithelial covering, serve a mechanical 
purpose, in the action of the tongue upon the food, as is well illustrated by the 

more developed form which these papillae attain 
in many carnivorous animals. 

The two paptlloB foliatw consist of a variable 
number of smaO vertical transverse folds present 
on each side of the tongue. These folds, com- 
mence just in front of the attachment of the 
p anterior palatine arch and extend forwards for a 

Fio. lO—ToNouE OF RABBIT, SHOW. Variable distance along the lateral border of the 
ma THB 8ITUATIOH OF THB tougue, gradually becoming less distinct. 

VAULLM VOUATM, p. 

In some animals (e.g., rabbit), there is present on each 
side of the tongue, nearly opposite the ends of the V formed by the line of papillae vaUats, an 
oval aggregation of transversely placed ridges or laminae with intervening furrows, which is 
termed the popUla foliata (fig. 10). The ridges are covered with a thick stratified epithelium, 
and in this epithelium, at their sides, are embedded numerous taste-buds. The papillae foliatse 
are more distinctly defined in the rabbit than in man. 

Foramen caaouin and thTro-rlossal duot. — The foramen caecum is a 
median recess, variable in size and sometimes absent, which is situated just behind 
the median vallate papilla. According to His, it represents the apex of a V-shaped 
depression, which is formed by the development of the tongue from an anterior 
median process (tuberculum impar), and two lateral and posterior prominences, 
which grow forwards at the sides of the tuberculum impar. According to the 
same authority, the foramen caecum indicates the position of the epithelial out- 
growth from which the median portion of the thyroid gland has been formed. As 
the thyroid recedes from the tongue, it becomes connected with the foramen caecum 
by a long narrow tube — the thyro-ghssal duct. The upper part of this duct may 
persist as a canal {diictus lingmilis) leading from the foramen caecum downwards 
to the hyoid bone. 

Olands. — The mucous membrane of the tongue is provided with numerous 
small glands {lingual glands), collected principally about the posterior part of its 
upper surface, near the papillae vallatae and foramen caecum, into which last the 
ducts of several glands open. These glands have usually been supposed to secrete 
mucus, but it has been ascertained that some of them — especially those which 
open in the trenches around the papillae vallatae, and at other parts where taste- 
buds occur — yield a serous secretion (Ebner). Other small glands are found 
also beneath the mucous membrane of the borders of the tongue. There is, in' 
particular, a group on the under-surface of the tongue, on each side near the apex, 
called the anterior lingual glands or glands of Nuhn-Blandin (see fig. 5). They are 
there aggregate? into a small oblong mass, out of which several ducts proceed and 
open in a line on the mucous membrane. Most of the glands are acino-tubular. 

The mucous membrane of the tongue — at least its posterior part — contains 
a large amount of lymphoid tissue, which is collected at numerous pointi^ 
into the denser nodular masses known as follicular glands, or lymphoid follicles. 
The blood-vessels and lymphatics of this part of the membrane are numerous and 
large, but the papillae on its surface are comparatively small, and are completely 
concealed by the thick superjacent epithelium. Here and there, the mucous mem- 
brane exhibits recesses or crypts (fig. 7), either simple or surrounded by smaller 
ones which open into them. The waUs of these recesses are generally studded 
with lymphoid nodules ; and they receive many of the ducts of the mucous glands. 
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XoBonlar snbstanoe. — The muBculor floor of the mouth k formed by the 
two myTo-hyoid muscles with the two genio-hyoidB on their upper aspect ; aad the 
substance of the tongue is mainly composed of muscular fibres situated above 
and behind the floor. The lineal muscles are divided into the extrinsic and the 
iatrinsic : the former arising from atractures outside the tongue and passing into 
its' substance to be inserted by blending or interlacing with other muscles ; the 
latter are placed entirely within the organ. 

The two largest extrinsic muscles — genio-glossi— connect the tongue with 
the anterior part of the mandible ; their fibres enter from below, and, becoming 
fan-shaped, radiate in its substance from its tip backwards as far as the hyoid 
bone. Another pair of muscles — hyo-glossi — arise on each side from the body 
and cornua of the hyoid bone and pass upwards to the tongue, forming the posterior 
part of its lateral wall. The two genio-glossi lie in close contact with one another. 
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whereas the hyo-glossi are separated by nearly the entire breadth of the base of 
the tongue. Each stjlo-^ossus proceeds from its styloid process, forwards and 
downwards, and joins the tongue along the upper border of the hyo-glossus, while 
the small palato-glossus descends in the palato-glossal arch from the soft palate 
to the aide of the tongue. The mylohyoid muscle ends in a free posterior border 
anterior to the base of the tongue, and a space is left externa) to the hyo-glossus 
and behind the mylo-hyoid by which the lingual and hypoglossal nerves, the lingual 
vein, and a process of the submandibular gland and Its duct reach the side of 
the tongue ; the connective tissue of the floor of the mouth becomes continuous 
with that of the neck. The lingual artery and the glosao -pharyngeal nerve, 
however, enter the tongue on the median side of the hyo-glossus muscle. 

The intrinsic or proper muscles of the tongue will be noticed here particu- 
larly; but the extrinsic will be described in detail under the muscular system. 
The intrinsic muscles are as follows : — 

The superior lonsrltndlnal mnsde consists mainly of longitudinal fibres, 
placed near the upper surface of the tongue, immediately beneath the mucous 
membrane, and is traceable from the apex of the organ backwards to the hyoid 
bone (fig. II, Is; fig. 12). The individual fibres do not run the whole of this 
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distance, but are attached at intervals to the submucous and glandular tissues. 
The entire lajer becomes thinner towards the base of the tongue, near which it 
is overlapped at the sides hy a thin plane of oblique or nearly transverse fibres 
derived from the palato-glossus and byo-glossus muscles. 

The inferior lonrltudliial ma>ol« consists oi a rounded muscular band, 
extending along the under-surface of the tongue from base to apex, and lying 
outside the genio-gloasus, between that muscle and the hyo-glossus (fig. 12). 
Posteriorly, some of its fibres are lost in the substance of the tongue, and 
others are said to reach the hyoid bone, but Parsons * did not find such an 
attachment. In front, having first been joined, at the anterior border of the 
hyo-glossus muscle, by fibres from the stylo-gloasus, it is prolonged beneath the 
border of the tongue as far as its point. 

The transverse muscular fibres of the tongue (fig. 11, Ir; fig. 12) form, 
together with the intermixed fat, a considerable part of its substance. They are 

Suptrior longitudinal fibru 



Trantotrte fibres 
Seplum lingua 



Oenio-gloMUS 

twBisD. (W. Kniue.) 

found in the interval between the upper and lower longitudinal muscles, and they 
are interwoven extensively with the other muscular fibres. Passing outwards 
from the median plane, where they take origin from a fibrous septum (fig. 12), 
they reach the dorsum and borders of the tongue. In proceeding outwards, they 
separate, and the superior fibres incline upwards, forming a series of curves, with 
the concavity upwards. The fibres of the palato-glossus muscle are stated by 
Zaglas and Henle to be continuous with fibres of the transverse set. 

Tertloal muscles (extemalperpendicularmuscleof Zaglas), decussating with 
the transverse fibres and the insertions of the genio-glossus (fig. 12), form a set 

1 ■ Topograpb; aDd Morpholagr of the HumtD Hyoid Bcme.' Jour. Anal, and ngM., vol iliiL, 1006. 
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eIohui msiolei IH, genio-hyoid moiole ; 16. mylo-byoid mniole; 17. pla^vna; 18, hyoid bone; 19, 
thyroid caitilage; aO, cricoid cartilage; 21, iBthmna of thyroid body; 22. itamo-hyoid; 23, ■temo-thyroid ; 
M, left iauominalF vein ; 2A, manubrium ■lemL 
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of curves in each half of the tongue, with their concavity outwards, and extending 
down and out from the dorsum to the under-surface of the border, so that those 
which are outermost are shortest. 

Examined in transverse sections, the muscular fibres are seen to be arranged so as to render 
the substance divisible into an outer part or cortex and an internal or mtduUary part. The 
fibres of the cortex are principally longitudinal, derived superiorly from the superior longitudinal, 
farther outwards from the hyo-glossus, on the side from the stylo-glossus, and beneath this from 
the inferior longi tudinal. They ensheath the medullary part on aU sides except inferiorly, whe re 
the genio-glossi muscles enter it between the inferior linguales. In the medullary part are 
found, embedded in fat, the decussating fibres of the transverse muscle passing across, the genio- 
glossi radiating upwards and outwards, and the vertical muscles arching downwards and 
outwards. In addition to the movements which may be given to the tongue by the extrinsic 
muscles, this organ is capable of being curved upwards, downwards, or laterally by its cortical 
fibres, it is flattened by the vertical fibres, and its margins are again drawn together by the 
transverse, whilst the two last mentioned, acting together, would tend to lengthen the organ. 

The septum of the tongue is a thin fibrous partition which extends forward 
from the hyoid bone to the tip, and divides one half of the medullary part of the 
tongue from the other, but does not penetrate into the cortex. 

Blood-vessels, lympbatles, and nerves. — The arteries of the tongue 
are derived from the lingual, with some small branches from the external maxillary 
and ascending pharyngeal. The veins empty their contents into the internal 
jugular tnmk. 

Jjympbaties. — The lymphatic vessels of the tongue may be divided into three 
groups : anterior, posterior, and lateral The anterior consist of a few vessels 
from the tip of the tongue, which pass downwards through the mylo-hyoid muscle 
to the submental glands situated between the anterior bellies of the digastric 
muscles. The posterior arise from the posterior part of the tongue in the neighbour- 
hood of the vallate papillae and are connected with those coming from the palatine 
tonsils. They pass down with the dorsal branches of the lingual artery, and then 
with the trunk of the lingual to end in the deep cervical glands. The lateral vessels 
run beside the sublingual gland ; some of them pierce the mylo-hyoid muscle and 
end in the paramandibular glands, while others follow the lingual artery to the 
deep cervical glands. 

The nerves of the tongue (exclusive of branches from the S3nnpathetic nerves) 
are five — namely : the lingual branch of the trifacial, which suppUes the papilke and 
mucous membrane of the fore-part and sides of the tongue to the extent of about 
two-thirds of its surface with common sensibility ; the chorda tympani, a branch of 
the facial nerve which accompanies the lingual to the tongue and probably serves 
as the nerve of taste to a corresponding area of the mucous membfane ; the lingual 
branch of the glosso-pharyngeal^ which sends filaments, both sensory and gustatory, 
to the mucous membrane at the base of the tongue, and especially to the papillsB 
vallatEB ; the superior laryngeal, which distributes a few sensory branches in the 
neighbourhood of the epiglottis ; and lastly, the hypoglossal nerve, which is 
distributed to the muscles both intrinsic and extrinsic. Microscopic gangUa exist 
upon the expansions of the glosso- pharyngeal nerve — especially in the neighbour- 
hood of the papillte vallatse and papillae foliatae — and they have also been found in 
the sheep and calf upon the lingual nerve. 

PALATUM. 

The roof of the mouth is formed by the palate, which consists of two portions : 
the fore-part being named the hard palate and the back-part the soft palate. As 
a whole, the palate is concave from before backwards, and also from side to side. 
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The bard palat« {falatum durum) is bounded in front and at the aides by the 
alveolar arches and gums, and is distinguished from the soft palate hj having 
an osseous framework. It is covered by periosteum and mucous membrane — these 
two structures being firmly connected together. In front, the mucous membrane 
is thick, dense, rather pale, and corrugated, but it becomes thisner, smoother, and 
of a deeper colour behind. The corrugations of the mucous membrane — palatat 
rugm—m&y be divided into the longitudinal and the tranaverae. Id the middle line 
there is a longitudinal ridge or raphe, ending behind the interval between the two 
median incisors in a small eminence — the pof^a jiaUUina or incisive -pad. This 
papilla corresponds to the anterior palatine fossa, and leceivea the terminal filaments 
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of the naso-palatine aad anterior palatine aerves. Two small blind recesses, one 
on either side, are somettmea found upon it. They represent the tower part of 
the naso-palatine foramina or canals of Stensen, which in many animals lead from 
the mouth into the nasal cavities. The transverse rngte, generally about five 
or six in number, vary considerably in their development. They are best marked 
during fetal life, and tend to become gradually less distinct and more irregular as 
age advances. In the adult, the ridges are often broken up into several small 
eminences and may even entirely disappear. 0. Betzius has shown that these 
folds may present considerable variation in their degree of development and in their 
arrangement in fetuses of the same age. 

Palatine folds are present in nearly all mammals, but reach their highest 
development in the ungulates and in certain whales. They may assist the young 
in holding on to the nipplei help in the trituration of food, or act as a water-strainer; 
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but in man, they are evidently rudimentary structures (see C. Gegenbaur, ' Die 
Gaumenialten des Menschen/ ^or^A. Jakrb., Bd. iv., 1879 ; and G. Betidus, 'Die 
UaumenfalteD des Menscben uud dei Tiere,' Biol. Unierauch., Bd. ziii., 1906). 

The soft pMAt« {palalum moUe or vdwn palalinum) is formed by a duplication 
of mucous membrane, including muscular fibres and numerous glands. It extends 
fromthehard palate, backwards and downwards, between the nasal and oral portions 
of the pharynx, and ends below in a free 
border, which in the middle is prolonged 
as a conical process — the uvula — while 
at the sides it is continuous with the 
palato-pharyngeal arches. As a rule, it is 
about 10 mm. to 12 mm. in thicitnesfl, 
nearly half of which is due to the glandular 
tissue situated between the muscles and 
the mucous membrane of the anterior or 
under-eurface of the velum. This mem- 
brane, which is visible from the mouth, 
is thinner and redder than that of the 
hard palate, but, like it, is covered with a 
scaly stratified epithelium. The median 
ridge or raphe, which is continued back- 
wards from the hard palate to the base of 
the uvula, indicates the original separa- 
tion of the palate into two lateral halves. 
The posterior or upper surface of the soft 
palate is convex and continuous in front 
with the floor of the nasal fosste. This 
surface is covered with ciliated columnar 
epithelium, while on the under-aspect . 
and free margin the epithelium is scaly 
and stratified. 

On both surfaces of the velum are 

found numerous small compound glands. 

Fn. IS.— Vow or thi sormuti utd vrainis They particularly abound on the under- 

TAvavu raoM sirou. (J. Symingi™.) surfece, where they form almost a com- 

1, wrft p»Uiej 2, iu nphc ; 3, uTni» i 4, pkiato- pfete layer Under the mucous membrane ; 

sloonl arch ; fi. pklato-phuynHMl uch ; 6. tonail; f, , i. ji ,. ' ^.i. 

T.poawriorw^rfpbu^i LdoBumoftongua t^ey are also very abundant m the 
uvula. 

The blood-TASsel*) Ijmphatiw, and nerreti of tlie palnto. — The 
arterial supply of the palate is mainly derived from the descending palatine 
branches of the internal maxillary, which reach the palate on each side by the 
ptery go-palatine canal. In front, small twigs of the spheno-palatine artery pass 
through the anterior palatine foramen. The tsIhb communicate behind through 
the pterygo- palatine canal with the pterygoid plexus, and in front by means of the 
anterior palatine foramen with the veins of the nose. 

The iTmphatlOB of the undei-surface of the palate form a plexus which com- 
municates with that of the opposite aide and with the vessels of the guma. The 
vessels, joined posteriorly with those from the palatine tonsil, pass outwards through 
the pharyngeal wall and end in the deep cervical glands. The lymphatic vessels 
of the upper-surface of the soft palate are continuous with those in the floor of 
the nose. They descend in the side wall of the soft palate and join those on the 
under-aurface in the neighbourhood of the palatine tonsil. 
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The sensory nervea of the palate (anterior, middle, and posterior paUtine, and 

the naao-palatinej coine from the maxillary diviaion of the filth nerve through 
the spheno-palatine ganglion. It is probable, however, that some fibres may come 
from the facial nerve through its great superficial petrosal branch, which forms one 
of the roots of the spheno-palatine ganglion. The palato-glossus muscle is supplied 
by the hypoglossal nerve, the tensor palati by the mandibular division of the fifth, 
sad the lev ator p alati and azygos uvulee probably by the accessory necve through 
the pharyngeal plexus, but some authorities derive the nerve-supply of these 
two muscles from the facial nerve. 

GLANDULE SALIVALES. 
The saliva, which is poured into the mouth, and there mixed with the food 
during mastication, is secreted by three pairs o( glands, named from their respective 
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sitnationa — parotid, aubmandi»ilar, and sublingual. Agreeing in their general phy- 
sical characters and structure, these glands differ in their size, form, and position. 
Olandula parotlB.— The parotid (fig. 16) is the largest of the three saUvary 
glands. It lies on the side of the face, in front of and below the ear, and extends 
as the processus mandibularis, deeply into the space behind the ramus of the 
lower jaw. Its weight varies from 20 grm. to 30 grm. Its greatest vertical 
extent is about 6 cm., its ant«ro- posterior 4 cm. to 5 cm., and it reaches inwards 
for 2-5 cm. to 3 cm. 

This gland forms an irregular wedge-shaped mass, with its base external and 
subcutaneous, while a median border, projecting inwards behind the level of the 
ramus of the jaw, divides the deep or median surface of the gland into an antero- 
median and a postero-median portion. When the hardened gland is removed 
entire, its median surface exhibits numerous markings due to its being moulded 
upon an irregular area formed by various bones, muaclea, and blood-vessels. 

Its aubcutaneous or lateral surface is convex and lobulated, and is covered by 
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the skm and fascia, and partially by the platysma muscle. It is bounded above 
by the zygoma ; below, by a line drawn backwards from the angle of the jaw to the 
sterno-manlaid muscle ; and behind by the external meatus of the ear, the mastoid 
process, and stemo-mastoid muscle. Its anterior border, which Ues ovet the ramoB 
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of the lower jaw, is irregular, and stretches forwards to a variable extent on 
the upper and posterior part of the lateral surface of the masaeter muscle. It is 
from this anterior border of the gland that the duct passes off ; and there 
is frequently found in connection with the duct, and lying upon the masseter 
muscle, a small process or a separated portion of the gland, which is called glarulula 
parotis acceesvria. 

PoHero-median mrface.—'Ihe outer part of this surface exhibits a vertical groove 

A. where the gland is moulded over 

the anterior boiders of the mastoid 

process and the stemo-mastoid 

muscle, the depth of the groove 

depending on the extent to which 

the gland passes backwards on 

^ the median and lateral aspects of 

"" these structures. Just above this 

If area, the gland is in close contact 

Brie nu.rfr ^"i *^^ cartilaginous floor of 

the external auditory meatus and 

^ ,„ „ the outer and lower part of the 

Fra. 19.— COBOItAL BKTION Or nUtLt ADKD riFIV-nVE . 1 , , r nt^ T 

viABs. ANTraioa SDRiicB OF SLAB 6. H>if naturti tympanic plate (see fig. 21). In- 
■ize (J. Symington.) temal to the mastoid groove, a 

For poniion of witioii. •« vertical line betwHDiuHlfi shallow depression, passing down- 
wards and forwards, is occupied 
by the posterior belly of the digastric muscle, and, still farther inwards, the 
gland is grooved by the styloid piocess and the stylo-hyoid muscle. The 
portion of the gland between the digastric and the styloid grooves comes 
into close relation with the outer surface of the internal jugular vein, and 
just behind this it reaches nearly to the stylo-mastoid foramen and is pierced 
by the facial nerve. Above and in front of the stylo-hyoid muscle the deep part 
of the gland sometimes reaches the internal carotid artery. The posterior 
auricular artery ascends in contact with the outer part of this surface. 
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TheanUro-median surface of the gland (see fig. 23) poBseBaes a well-defined Tertical 
groove, in which is lodged the posterior borders of the ascending Tamus~6f the 
jaw, the masseter, and the internal pterygoid muscles. The large mass of gland 
nabstance external to thia groove turns forwards on to the lateral surface of 
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the masseter muscle, while that internal to the bone sends a small process 
(pterygoid) forwards on the median aide of the internal pterygoid muscle and of 
the spheno-mandibukr ligament. 

The median border (see figs. 23 and 25) lies between the styloid muscles and 
the internal pterygoid muscle. It is sometimes termed the pharyngeal process. 
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PJO. 22. — CoBQJIAL aiOTlON OF TBI BEAD OF AS AUDIT FKHALE, FAflSllia TKBODQB THK TIHFOBO- 
■UmiBITUB AETICOUTION, VUWID rttOM THE FBOHT. TVo-thiids DstunI aiie. (J, Svmiiiglon.) 

although it is separated by a considerable space — occupied by loose connective 
tissue — from the side wall of the pharynx. 

The external carotid artery, after passing upwards internal to the posterior 
belly of the digastric and the stylo-hyoid muscles, turns outwards and enters the 
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deep surface of tte gland close to its median border. After a sbort course in tlie 
gland, the artery divides into temporal and internal maxillary, the temporal biaoch 
ascends between the gland and the jaw and appears aboTe the gland in front of 
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the ear, and the internal mazilUry branch leaves tiie gland almost immediately 
after its origin and passes forwards between the neck of the condyle and the spheno- 
mandibular ligament. The internal carotid artery is only occasionally in contact 
with a small process of the gland, being separated from it by the styloid process, 
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Two-thirdi lutaisl itie. (J. Symington.) 
The puotid gUnd ii hsd eilenul to ths neok of tha condyls. ami turning buknidi and inwaidi betwasn 
tb« neok of tlis condyle and the mutoid pnxaiB. The fitnn paiiiDg backwudi and outwanli from the 
oate Eorfaoe of the eitamal pterygoid plate to the neok of the emdyle belong to the external ptwygotd 

the styloid and digastric muscles, and the internal jugular vein. As already 
explained, the parotid gland comes into close relation with the internal jngular 
vein for a short distance above the digastric muscle. The temporal and maxillary 
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veins unite in the gland, and the reBulting venous trunk leaves the gland near the 
angle of the jaw. 

The iacial nerve enters the gland near the stylo-maatoid foramen, and passea 
forwards and outwards towards the posterior border oi the mandible, and near 
the neck of the condyle diviifes into its two main diviMons — temporo-facial and 
cervico-facial — and these pve off numerous communicating branches which emerge 
from' the gland at its upper, anterior, and lower borders. The main trunk and 
its various subdivisions in their course through tiie gland lie near its deep surface. 
Branches of the great auricular nerve pierce the gland, while the auriculo-temporal 
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nerve ascends beneath its upper and posterior part. The glosso-pharyngeal and 
vagus nerves are not in actual contact with the gland, and the accessory nerve only 
occasionally, so that the only cerebral nerve in close relation to it is the facial. 

The followiiig oia leoeiit papers on the shape and relationa of the uliTwrf gUnds 
PanoaB, 'On the Form of Parotid QUnd.' Jour. Anal, and Phy>., vol. xIt., April 1911 
Synungton, ' The Topogmphioal Anatomy of the Salivary QUndB,' Ibid., voL xlvi, Jan. 1912 
Jefienon and Piatt, ' The Parotid Qladd,' Anat. Anxeiger, Bd. iM., April 1012. 

Tha devebpment and uompMative anatomy of the salivary glands is described and 
well iUiutrated by Carmalt, Hantingtoo and Schulte, in Oontribvtioru to titt Anatom]/ ajid 
Dtvtiopment tij Ott Salivary Qlanda tn the Mammalia, Columbia University Press. 161S. 

The capsule of the parotid is continuous with the fibrous framework, which 
traverses the gland in all directions and unites its lobules together. This capsule 
is best developed on the subcutaneous surface. It unites the gland firmly to the 
mastoid process and to the cartilage of the external auditory meatus, but in most 
other situations it is connected with adjacent structures by loose areolar tissue, so 
that a large part of the gland can be readily shelled out of its bed. This is especially 
the case over the lower part of the gland — an arrangment which must facilitate 
tiie movements of the jaw. 

The parotid dnot, named also St«iiaen*s dnirt.appeais at the anterior border 
of the gland, about one finger's breadth below the zygoma, and runs forwards over 
the masseter muscle, accompanied by the accessoria parotis, when that accessory 
portion of the gland exists, and receiving its ducts. At the anterior border of 
the masseter, the duct turns inwards through the fat of the cheek and pierces 
the buccinator muscle; and then, after running for a short distance obliquely 
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forwards beneath the mucous membrane, opens upon the inner surface of the 
cheek by a small orifice on a papilla opposite the crown of the second molar tooth 
of the upper jaw. Its direction across the face may be indicated by a line drawn 
from the lower margin of the concha of the ear to a point midway between the 
red margm of the lip and the ala of the nose. The length of the parotid duct 
is 5 cm. to 6 cm., and its diameter about 2 mm. to 3 mm. The lumen of the 
duct is about 1 mm. in diameter, except where it pierces the mucous membrane. 
Here it contracts, and will only admit a hog's bristle. 

The mode of diBtribution of the parotid duct within the gland has been investigated by 
Joucoor (' Considerations anatomiques 6ar le canal parotidien,* Thise de Bordeaux, 1898), and 
Kermaoner (' Zur Kenntnis des mikrosk. Banes der Parotis/ Arch. klin. Chir., Bd. liz.). From 
these observations it appears that the main duct runs backwards for some distance in the gland 
before dividing into an upper and a lower branch. The lower branch is the larger of the two, 
and it turns downwards to the lower border of the gland. 

Blood-veaselB, IjrmphatioB, and nenres. — Arteries. — ^The gland is 
supplied mainly by the transverse facial branch of the temporal artery, but it 
also gets a few small twigs from the external carotid and the internal maxillary 
arteries. The veins terminate in the temporal, internal maxillary, and 
temporo-maxiUary veins as these traverse the gland. The Ijmipliatios join 
the deep and superficial glands in the neck and there are often one or more 
lymphatic glands embedded in the substance of the parotid. 

The nerves come from the sympathetic plexus on the external carotid artery, 
and also from the facial, the auriculo-temporal, and great auricular nerves. In 
the dog and cat, it has been experimentally shown that the parotid derives its 
cerebro-spinal nerve-supply from the glosso-pharyngeal, through the lesser 
superficial petrosal nerve and the otic ganglion, the fibres finally passing to the 
gland by a branch of the aunculo-temporal. 

Varieties. — ^An instance is recorded by Gruber of a remarkable displacement of the parotid 
on one side ; the whole gland being situated on the masseter muscle as if it were an enlarged 
accessory parotid {Virehoto's Archiv, zxxii). Its absence has also been recorded by Poirier 
(Bulleiina de la wxiiU anat. de Paris, 1888), and by Becco {Atti deUa Acad, Med. de Oenova, 
Anno zi., 1896). 

Olandula subniandibnlaris (gL submaxiUaris). — The submandibular gland, 
next in size to the parotid, is situated internal to and below the posterior part 
of the body of the mandible. Its greatest vertical extent is about 4 cm. ; its 
antero-posterior, 3, cm. ; and it measures 2 cm. to 2*5 cm. from the superficial 
surface inwards. It weighs about 8 grm. to 10 grm. 

The gland has a somewhat flattened oval form with the long axis nearly vertical, 
and its surfaces may be described as external and internal (fig. 20). The external 
surface is convex, and its upper and smaller portion lies against the inner surface 
of the internal pterygoid muscle, and in front of this against the jaw just above its 
lower border. The lower and larger portion extends downwards into the neck, 
and is subcutaneous, being covered merely by the skin, superficial fascia, platysma, 
deep fascia, and the facial vein. This subcutaneous surface lies below the jaw, 
opposite the insertion of the masseter muscle, and has an area on an average of 
about 3 cm. by 2 cm. It reaches backwards to the stemo-mastoid, and above 
comes into relation with the parotid gland behind the angle of the jaw. The 
deep surface of the gland lies on the lateral surface of the posterior belly of the 
digastric and the stylo-hyoid muscles. It also extends above these muscles, where 
it lies on the stylo-glossus and hyo-glossus muscles and the hypoglossal nerve ; 
while below them, it reaches into the carotid triangle and overlaps the great 
comu of the hyoid bone, the hypoglossal nerve, and the Ungual artery. 
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The external maxillaiy artery, before it mounts over the mandible, lies in a 
deep groove upon the back part and upper border of the gland, while the vein, as 
mentioned above, is placed on the superficial surface of the gland. From its upper 
and anterior part, two thin processes of the gland pass forwards, separated by a 
groove, lodging the free posterior border of the mylo-hyoid muscle. The lateral 
process extends a short distance on the mandibular surface of the mylo-hyoid 
muscle, and the median process pauses forwards on the lingual surface of this 
muscle, having the submandibular duct and the lingual nerve above it, and ends at 
the posterior extremity of the sublingual gland. 

The dnot of the submandibular viand, or Wharton's duct (figs. 16 and 
26), which is about 4 cm. to 5 cm. long, with a diameter of 2 mm. to 3 mm., is thin 
walled as compared with the parotid duct. It leaves the main portions of the gland 
above the internal process just described, 
and runs forwards between the mylo-hyoid 
and hyo-glossus muscles, and then along the 
floor of the mouth, having the genio-giossus 
and inferior lingualis internal to it and lying 
first upon, then to the inner side, and lastly 
again above the sublingual gland to reach 
the side of the frenulum linguie. Here it 
terminates, close to the duct of the opposite 
aide, by a narrow orifice, which opens at 
the summit of a soft papilla (fig. 5) seen 
beneath the tongue. Near its commence- 
ment, the Ungual nerve passes downwards 
and forwards, external to it, and then inclines 
inwards below it, and at the anterior border 
of the hyo-glo3sus muscle it lies close to 
the hypoglossal nerve and Ungual artery. 
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The dacta ladiate in Tnrioui dinotioiu from 
tbebilnm, and J. M. flint ('The Dacts of the 
Hnitukn BubmaziBary Gland,' Atwr. Jour, of 
Anatomy, vol. L) givea the following as an approxi- 
mate estimate ot the branchinga of the dnct : 
' The dncttis Bubmaiillaria divides into three 
primary dacts, which divide into e^hteen inter- 
lobnlor ducts, which divide into ninetj-six sab- 
lobolar ductn, which divide into one thousand Gve 
hundred lobular duets.' This gives one thousand 
five hundred lobales in the entity gland. 
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with the duct of BarthoUa partly shown ; i F, 
placed above the hinder small end of the 
gland, indicates one or two of the ducts per- 
forating the mucous membrane i d, the pa|^Ila. 
at whichthflsubmandibnlarduat opens in tmai 

of the duct % A, the byoid bone ; n. the lingual 
nerve ; close to it is the submaxillary ganglion. 



Blood-TMiaola, Irmphatim, and nsrTsa — The arterl«a to the sub- 
mandibular gland come from the external maxillary and sometimes also from 
its submental branch, while the blood is returned into the facial vein. The 
blood-vessels do not enter the gland along with the duct, but they soon 
join it, and then follow closely the duct in its distribution through the 
substance of the gland. 

Kympbatloa. — The submandibular gland resembles the parotid in having 
some tymph nodules embedded in its substance. The lymphatic vessels pass 
chiefly to the lymphatic glands lying along the lower border of the mandible. 

ar«rT«s. — The chorda tympani branch of the facial nerve, and the sym- 
pathetic fibres from the plexus on the external maxillary artery, reach the gland 
through the submaxillary gangUon. 
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Varieties. — Graber ( Virehow's Archiv, Bd. oiL) has recorded a case of oomplete absence 
of both submandibular glands. Turner {Jour. Anat. and Phys, yoI. iv., 1870) described a case 
where both submandibular glands were smaller than normal and situated entirely on the upper 
or lingual aspect oi the mylo-hyoid muscle. 

Olandola sublinffualis.— The sublingual gland (figs. 16, 17, 18, 19, and 26), 
the smallest of the salivary glands, is of a narrow oblong shape, and weighs 
scarcely 4 grm. It is situated in the floor of the mouth, where it forms a ridge 
between the tongue and the gums of the lower jaw, covered only by the mucous 
membrane. It extends from the frenulum linguse in front, where it is in contact 
with the gland of the opposite side, obliquely backwards and outwards, for rather 
more than 4 cm. 

In about the anterior two-thirds of its extent, it lies in close relation with the 
inner surface of the lower jaw above the mylo-hyoid ridge, and has the mylo- 
hyoid muscle below it ; but posteriorly, this muscle separates it from the bone 
(see figs. 17, 18, and 19). The genio-hyoid and genio-glossus lie to its inner side. 
The lingual and hypoglossal nerves and Wharton's duct lie above it posteriorly, 
but they gradually pass to its inner side. 

The lobules of the sublingual gland are not so closely united together as those 
of ihe other salivary glands, and the ducts from many of them open separately 
into the mouth, along the ridge which indicates the position of the gland. These 
ducts, named ductus Bubliuffuales minores (Ducts of Rivint^), are from eight 
to twenty in number. Some of them are said to open into the duct of Wharton, 
but this is denied by Birmingham. 

One, longer than the rest — ductus sublingualis major or duct of Bartholin 
(which is occasionally derived in part also from the submandibular gland) — 
runs forwards beside the Whartonian duct, and opens either with it or very 
near it, but it is inconstant in its occurrence (Chievitz, Suzanne). 

Schulte (*The Development of the Human Salivary Glands/ in Coninbuiiona to the Anatomy 
and Deveiopment of (he Salivary Olands in the Mammalia, Columbia University Press, 1913) 
describes the sublingual gland as the sublingual mass, which is made up of a number 
of distinct components : namely, the lesser sublingual (Rivinian) glands, the greater 
sublingual (Bartholinian) gland, and the supra-mylohyoid lobules of the submandibular 
gland. Of these, the lesser sublingual glands alone are constant. 

Blood-vessels, iTmphatics, and nerves. — The blood-vessels of this 
gland are supplied by the sublingual and submental arteries and veins. The 
Ijmipliatio vessels join the lateral group from the tongue. The nerves are 
numerous, and are derived from the lingual branch of the fifth, the chorda 
tympani, and the sympathetic. 

DENTES. 

In the human subject, as in the great majority of mammals, the dentition is 
diphyodofU — that is, two sets of teeth make their appearance in the course of life, 
of which the first comprises the temporary or milk-teeth (dentes decidui) ; while 
the second is the perm^anent set (dentes permanentes). The temporary teeth are 
twenty in number — ten in each jaw — and the permanent set consists of thirty-two 
— sixteen above and sixteen below. 

The human dentition is also heterodont ; the teeth, instead of all having the 
same form (homodont condition), difier considerably in their size, shape, and function. 
The twenty deciduate teeth consist of four incisors, two canines, and four multi- 
cuspids or molars, above and below. The thirty-two permanent teeth are four 
incisors, two canines, four premolars or bicuspids, and six molars, in each j aw. There 
are no premolars among the temporary teeth ; the eight deciduous molars preceding 
eight premolars of the permanent set. The relative position and arrangement 
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of the difiereot kinds of teeth ma.y be expressed by the following formaliB, which 
also exhibit the relation between the two sets in these respects : — 

HO. CA. IN. IN. CA. HO. 

T^ -.1 * * *u fUpper 2 12 2 12 = K*! oa 

Deciduate teeth . (J^^ 2 12 2 12 = loh^ 



Permaneat teeth 

Or they may be written more simply thus :- 

Deciduate teeth 
Pennanent teeth 



HO. PH. CA. IN. IN. CA. PH. HO. 

/Upper 3 2 12 2 12 3 = 
iLower 3 2 12 2 12 3 = 



(2^ 
[2.1 



2 . 3 



The three permanent molars are by some regarded as deciduate teeth without 
calcified vertical successors. 

The curve occupied by the teeth of the upper jaw is elliptical, and of the lower 
parabolic. It is not broken by any interval or diastema, aa is the case in most 
mammals ; indeed, the crowns of 
nearly all the teeth possess facets 
near the masticatory surface due to 
the contact of adjacent teeth, but 
towards the gums the crowns diverge 
somewhat from one another so as to 
leave small spaces between them (see 
fig. 29). The span of the upper 
dental arch (arena dentalis superior) 
is rather larger than that of the 
lower one (arous dentalis inferior), so 
that the teeth of the upper jaw 
slightly overlap those of the lower, 
both in front and at the sides. 
While there is a slight diminution in 
the height of the crowns of the teeth 
from the incisors backwards to the 
wisdom-teeth, there ia in man ao 

abrupt change of level along the range. In consequence of the large proportionate 
breadth of the upper median incisors, the other teeth of the upper jaw are 
thrown somewhat outwards, so that in closure of the jaws the canines and 
premolars come into contact partly with the corresponding lower teeth, and 
partly with those next following ; and in the case of the molars, each cusp 
of the nppet lies behind the corresponding cusp of the lower teeth. Since. 
however, the upper molars — and especiaUy the wisdom-teeth — are smaller than 
those below, the dental arches terminate behind nearly at the same point in 
both jaws (see figs. 29 and 31). 

In EaropeanB, the upper incUoTB project in froat of the lotrer inciftora ; but it has been shoim . 
b7 TnmeT ' that in some, at least, of the AuBlralian aboriginea this is not the case — the cutting- 
edges of the lower inoisora projecting as far forwards as those of the upper. 

I • The BflUtiona of the DentKy Aroads in the CruuK of Aaitialiui Aborigine*.' /ow. Ajtat. aid Phgt.. 
ToL ht.. JdI; ISet. 



26 DIGESTIVE SYSTEM 

It IB weU koomt that the teeth of cert«iu rooee ore larger in rel&tion to the geaend stature 
of the individual than in others. Flowers ' invoatigated this qncation — so far as the premolars 
aad molars are concerned. He cooatnicted a dtntal index hy comparing the distance between 
the anterior surface of the first premolar and the posterior surface of the wisdfxn-tooth with the 



Fio. 28.— Ufpeb upmcT or loweb dkntu, abch Aim bodi ot loweb )«w. (Muhlteiler.) 

batio-ruual length of the skull, and divided the variona races aocording to their dental index into 
micndont, metodonl, and riKgadorU. The microdoot section contains the whit« races, the 
mesodont the Mongolian or yellow races, and the megadont the black races, including the 
Australians. 

In consequence of the curve of the deatal arch, such tenna as anterior, posterior, 
internal, and external, when used in the description of the surfaces of the teeth, 
are liable to lead to confusion ; to obviate which, special names must be employed. 
The surface of a tooth directed 
towards the lips or cheek is there- 
fore called labial or buccal, and 
that towards the tongue the lingual 
or palatine ; while the terms proxi- 
mal and distal are used to represent 
the surfaces that would look towards 
and away from the median plane 
were the teeth arranged in a straight 
line passing outwards from the 
median tDcisor.s 

GEI4ERAL FOKM AND STRUCTURE. 

A tootb consists of three por- 

Fio. M-UfliAL ispicr OF tub uaHt half of tions— namely : one which projects 

LATioN BKTwiiN Tui uTPEB AND LowiB TEETH. abovo thc gums and is namcd the 

(ZucterkaodL) 6o(iy or CTOWfi ; another fixed in the 

alveolus or socket — the root — con- 

aisiing of a fang or fangs ; and a third, intermediate between the other two, and, 

from being more or less constricted, named the neck. The size and form of each 

1 ■ On the Size of the Teeth u a CLsiacter of Race,' Jounal of Ihe Avthnvotogicai fiuWtite, voL liv., 
November 1884. ' ^^ 

- In the Ba^le i^ontina aiuUomica, the ADperficial upe4:t of '**- '"-*■'■"- — -"■ — .:--- :- — ii-j i_ur^i 
and thit of the premolus and molui buccai, azid the proiim 
nuiinea median and lateral ( while for tbs cDrrnpoading lorf bci 
■DterJDr and posleriot are employed. 



TEETH 



27 



of these parts vary in the difiereot kinds o( teeth. The crowns of all the teeth 
preaeDt five surfaceB — namely : masticatory, lahial or buccal, lingual or palatine, 
piozimal, and distal. In the 
incisors, the masticatory suiface 
is represented by a cutting edge ; 
in the canines it is more or less 
pointed ; and in the premolars 
and molaiB quadrilateral. 

The roots of the teeth may be 

single, 01 divided into two or three 

Fkj. aa— LisoniL ispici of the urr H*Lr oi thb fangs. They are accurately fitted 

TWO DKsiii. iRcHss. (ZuckerkindL ) to the alvcoli of the jaws, in which 

they ate implanted. Each alveolus 

is lined by periosteum (cUveolar j)eriosteum, fig. 32), which also invests the 

contained tooth as high as the neck, and is blended above with the dense tissue 



Fio. 31.— A siuoRAK o 



The apecimen «tu pUced in 



f Symington uid R&nbin.) 
D relation to the X-nyi so as to appear u it TJawed from the right lide and 
_..._. e floor of the maiiUary anlium i« indicated by ■ wbitiih line lying ctoie to the 

apices of the fangs of the molars tod asceading in front a short distanos from tbe noood premolar. 

of the gums. The fangs of all the teeth taper from the neck to the point, and this 
form, together with their accurate adjustment to the alveolus, has the eSect of 
distributing the pressure during use over the whole socket, and of preventing it 
from unduly bearing on the point of the fang, through which the blood-vesseb 
and nerves enter. 
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The hard calcified portion of a tooth is composed mainly of a material termed 
dentine ; this is covered on the crown by a layer of enamel, and in the roota by 
cementum or cruata petroea. The dentine aurroimda a space in the intcrioi of the 
tooth known aa the pulp cavity. This contains blood-vessels, nerves, and connec- 
tive tissue, and is lined by cells termed odontoblasts. The histology and chemical 
composition of the various parts of a tooth are given in Fart I. of this volume. 

The pulp cavity {camm detUu) varies in shape according to age and to the form 
of the crown and the number of fangs. It is larger in young growing teeth than 



,T. (WJdeyer.) 
c, polp ciii^, 

in fully developed ones. In teeth where the crown has more than one cusp, the 
pulp cavity has an extension corresponding to each cusp, and it also passes down 
the root, or each fang, to end at its apex in a small aperture through which the 
blood-vessels and nerves enter the pulp cavity. 

SPECIAL CHARACTERS OF THE TEETH. 

The Perhahent Teeth. — The laolsors (fig. 35), eight in number, are the four 
front teeth in each jaw, and are so named from being adapted for cutting or dividing 
the food. Their crowns are chisel-shaped (c), and have a sharp horizontal cutting 
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edge, which by continued use is bevelled oB behind in the upper teeth, but in the 
lower ia worn down in front, where it cornea into contact with the ovei-Iapping 
edges of the upper teeth. Before being subjected to wear, the horizontal edge of 
each inciaor is marked by three small prominent points, separated by two Jight 



fJO. 33. — LoiraiinDinAL sicnoH or a holui tooth. IligniSed si 

p, pulp MTity ; d, deDtlne ; o, ccineat ; (, MMmaL 

notches (fig. 35, d). The labial surface of the crown is slightly convex, both from 
above downwards, and from side to side. The lingual surface is concave, especially 
from above downwards. The median and lateral surfaces are triangular with 
the base at the gum, and the apex towards the cutting-edge. The enamel is 
prolonged towards the base of the crown on both the lingual and labial surfaces, 
so that its tennination is indicated by a curved line with its convexity towards 
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the gum ; while on the median and lateral surfaces the line is concave. The root 
is long, single, conical, and compressed at the sides, where it sometimes — though 
rarely— presents a sUght longitudinal furrow (as in fig. 35, c). The lower incisor 
teeth are placed vertically in the jaw, but the corresponding upper teeth are 
directed obliquely forwards. The pulp cavity terminates towards the cutting-ei^ 



Fia. H, — Section on hdiiin camm tooth, acsoss thi boot. Mugoilied twenty-fire dianieten. (Sobotto.) 
Pr pulp UTity ; d, dentine ; fr, ile gnnular layer ; £, oemenl. 

of the crown in slight proximal and distal cornua ; in the neck and root it is 
cylindrical, but at the apex of the root it is constricted. 

The upper median incisor is the largest of all the incisor teeth, and the median 
angle of its cutting-edge is rather more acute than the lateral angle. Its Ungual 
surface generally possesses two slight ridges, which meet above, near the gum, to 
form a small tubercle, and enclose a triangular depression (see fig. 36, c). Sometimes 
the tubercle projects downwards to form a lingual cup (see fig. 36, a), and in 
other cases a faint vertical elevation divides the lingual depression into two 
(see fig. 36, b). 

The upper lateral incisor is smaller in every direction than the median ; the 
lower distal angle of the crown is more rounded, and the depression on the 
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lingual surface just below the tubercle is generally more marked than in the 

median iucisor. 

The lower median incisor is the smallest of all the incisors, and its outting-^dge 

is only about half the breadth of that of the correspondbg upper tooth. The root 

is markedly compressed from side to 
side. The depression usually present 
on the lingual surface of the upper 
incisors is absent, but the tubercle 
may be fairly well marked. 

The lower lateral incisor is larger 
than the lower median, and its long, 
markedly compressed root often has 
a vertical groove on its median and 
lateral surfaces. The lateral angle is 
rounded off, though not so markedly 
as in the upper lateral incisor. 







n 






Fia 35. — Incisor testh of the upper 

Ain> LOWER JAWS. 

a, front view of the upper and lower 
median inoisorB; 6, front view of the 
upper and lower lateral inoi8<»« ; e, lateral 
view of the upper and lower median in- 
cisors, showing the chisel shape of the 
crown ; a groove is seen marking slightly 
the root of the lower tooth ; d, the upper 
and lower median incisor teeth before 
they hare been worn, showing the three 
points on the cutting-edge. 
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(Znckerkandl.) 



The canine teeth (fig. 37), four in number, are placed one on each side, above 
and below, next to the lateral incisors. They are larger and stronger than the 
incisor teeth, and are the longest of all the teeth. The crown 
is thick and conical, its labial surface decidedly convex, and 
the lingual less so. It may be compared to that of a large 
incisor tooth, the angles of which have been removed, so as 
to leave a single central point or cusp, whence the name 
cuspidate applied to these teeth. The point always becomes 
worn down by use. The distal side of the crown is convex 
and longer than the proximal, by which character the side to 
which a canine tooth belongs may be determined. The root 
of the canine teeth is single, conical, and compressed at the 
sides : it is longer than the root of any of the other teeth, 
and is so thick as to cause a prominence of the alveolar 
arch. The pulp cavity extends towards the apex of the 
crown as a single process, and it passes into the neck without 
any marked constriction. 

The upper canines — popularly called the eye-teeth — are 
larger than the lower, and in consequence of this, as well as 
of the greater width of the upper range of incisors, they are thrown a little 
farther outwards than the lower ones. On their lingual surface, a well-marked 
ridge passes from the apex of the cusp to a distinct basal tubercle. The root is 




Fio. 37. Canine TOOTH 

OP THE UPPER JAW. 

a» front view, 6, lateral 
view, showing the long 
fang grooved on the 
side. 
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compressed proximo-distally, and its flattened surfaces are grooved longitudinally, 
but only very rarely is it completely divided. 

The lower canine has neither a lingual ridge nor a tubercle, and the enamel 
extends farther down on the labial than the lingual surface. The root is often 
more or less bifld, and sometimes it has two distinct fangs. 

In the dog tribe, and in the camivora generaUy, these teeth acquire a great size, and are 
6tted for seizing and killing prey, and for gnawing and tearing it when taken as food. 

The premolars (flg. 38), also called bicuspids, are four in each jaw ; they are 
shorter and smaller than the canines — next to which they are placed. The 

crown is compressed proximo-distally, and both its buccal 
and lingual surfaces are convex. The grinding-surface 
shows two cusps — a large buccal and a smaller lingual — 
separated by a deep Assure. The root is compressed 
in the same direction as the crown, and is grooved on 
its proximal and distal surfaces so as to show a tendency 
to be divided into a buccal and a lingual portion. 
The pulp cavity has two comua in the crown — the size of 
these comua varies according to the degree of prominence 
of the cusps ; and in the root the cavity may exhibit traces 
of division even though the root is single. Where more 
than one fang is present, the pulp cavity sends a canal 
to the apex of each. 

The upper premolars are larger than the lower, their 
lingual cusps are well developed, and the diflerences 
between the first and second are slight. The buccal surface 
of the crown of the first upper premolar has a vertical ridge 
passing bom its apex upwards towards the neck; this 
ridge is bounded by two lateral depressions (see a, fig. 38). 
The lingual surface of the crown is smaller and more convex 
both longitudinally and transversely than the buccal aspect. 
The root may be single ; more usually it is divided into 
a lingual ; and sometimes three — two buccal and one 
lingual. In the second upper premolar, the buccal and lingual surfaces are nearly 
equal, and the buccal ridge is indistinct, while the root is more frequently single 
than in the first premolar. 

The lower premolars are smaller than the upper ones, their cusps are less deeply 
divided, and the lingual surface is much less convex than the buccal. In the 
upper premolars the two cusps are separated by a deep fissure, while in the lower 
they are united by a low ridge. The lower premolars have generally single roots, 
but occasionally the root is divided into a buccal and a lingual fang. The first lower 
premolar has sometimes only one cusp distinctly marked — namely, the buccal — 
and in that case it approaches in figure to a canine tooth. The second premolar 
is larger than the first, and its lingual cusp is nearly as prominent as the buccal 
one, whereas in the first premolar the lingual cusp is much smaller. 

M. De Terra (' Beitrage va einer Odontographie des Mensohenrassen,' BerlirUsche Verlags- 
unsiaU, 1905) has described a case where both the first and second upper premolars had 
three fangs. 

The molar teeth (fig. 39), true or large molars, or grinders, &Te twelve in number, 
And are arranged behind the premolar teeth — three on each side, above and below. 
They are distinguished by the large size of the crown, and by the great width of 
its grinding-surface. In size and general form the molars differ bom the pre- 
molars in a more marked degree than the other teeth from one another ; indeed, the 
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tendency in the upper to 
division. 

two — a buccal and 
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adjacent incisora, canines, and premolars may by slight modifications be almost 
indistinguishable . 

The first molar is the largest, and the third is the smalleBt in each row, 
producing a gradation of size in these teeth. The last o{ the row, owing to 
its late appearance through the gum, is called the vnsdom-tooth. The crowns of 
the molar teeth are low and cuboid in their general form. Their buccal and lingual 
surfaces are convex, but the proximal and distal surfaces are flattened. The 
grinding-surface is nearly square in the lower teeth, and rhomboidal in the upper, 
the comers being rounded ofi ; it bears four or five tubercles or cusps (whence 
the name muhicuspidate), separated from each other by a crucial depression. 

The crown of the first upper molar bears four cusps, situated at the angles of 
the masticating surface ; of these, the piozimo-lingual is the largest, and is usually 
connected with the bucco-distal cusp by a thick oblique ridge. This tooth has 
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from tbe bucoul Bipecl. ia luier than the Kcood. I« the thiid. 

occasionally a fifth cusp situated on the lingual side of the proximo- lingual cusp ; 
this additional cusp is small, and rarely, if ever, reaches the grinding-surface. The 
second upper molar is generally described as having four cusps ; but, according to 
Zuckerkandl ^ and Rose,* there are often only three. Zuckerkandl found four ouspa 
in 45'6 per cent, of Europeans, the cusps being reduced to three in 54 '4 per cent. ; 
while in the lower races, four cusps were found in 73'5 per cent. Rose's results 
agree essentially with those of Zuckerkandl. In the upper wisdom-tooth the two 
lingual cusps are usually blended. The crowns of the lower molars, which are 
larger than those of the upper, have five cusps, the additional one being placed 
between the two distal ones, and rather to the buccal side. Not infrequently the 
second molar has only four cusps, but this reduction in the number of cusps rarely 
affects the first and third molars. The third molar ia usually as Urge as and some- 
times even larger than the second, and occasionally its cusps may be increased to 
six or seven. The roots of the molar teeth are multiple. In the first and 
aecond molars of the upper jaw, the fangs are three in number — namely, two buccal 
and one lingual ; the buccal fangs are short, divergent, and directed towards the 
antrum of the maxilla, while the lingual fang is larger and longer and directed 

1 der menichlicben UoUren,' Anal. Atutifr, 
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towards the palate, its distal border extending as far back ae the bucco-diatal 
fang. The first and second molars of the lower jaw have each two broad compressed 
fangs, one proximal and the other distal ; they are grooved on the faces that are 




tha moUr teeth. 



turned towards each other as if each consisted of two fangs fused together. In 
the wisdom-teeth of both jaws there is a marked tendency to the fusion of all the 



;bs8 fob the oibm of TBI SECOKD FEKiUNEMT HOLAB. Nstunl size. (J. Symiogton 

angs into a single irregular conical mass ; Taylor ^ found this to occur ii 
per cent, of upper and 80 per cent, of lower wisdom teeth. 

1 ' V«ri«lioiu in th« Hamu Teeth Form,' Jour. AnaL oiuJ,P*yi.,>ol. iiiiii., Jsnuaiy 18SB. 
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The pnlp cavity in the molar teeth ia large at the neck ; it enda ia the crown in 
small diverticula corresponding in number to the cusps, and passes to the apes 
of each fang where it ends as the foramen apices dentis. 

The Deciduous Teeth (fig. 42).— The deciduous, temporary, or milk-teeth are 
distinguished from the permanent by the marked bulging of the crown close to 
the neck, so that the latter shows a well-marked constriction. The deciduous 
incisors and canine teeth resemble 
those of the permanent set in 
their general form, but they are 
of smaller dimensions, and all 
their characteristic markings are 
much less decided — especially 
those in the canines. 

The temporary molars are 
larger than the premolars which 
succeed them. The hinder of 
the two is much the larger, 
being, indeed, the largest of all 
the milk-teeth. The first upper 
milk-molar has only three cusps — 
two buccal and one lingual ; the 
second has four. The first lower 
temporary molar has four cusps, 
and the second five, of which in 
the latter case three are buccal. 
The buccal surface of the lower 
molars slopes decidedly inwards 
as it passes upwards, so that the 
masticatory surface is reduced in 
size. The fangs of the deciduous 
molars resemble those of the per- 
manent set, but they are smaller and are more divergent from the neck of 
the tooth, and the crowns of the temporary molars have their cusps more 
(Ustinct. 

Te«tli of preUstorlo man. — The numerous remains of palieolithic man 
which have been discovered in recent years frequently include some teeth, the 
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mandible, the calvaria, and the femur. The teeth which have been found up to 
the present exhibit distinctly human characteristics, and only difier in minor points 
from the teeth of ensting races. In some cases, the lower incisors inchne forwards 
so that their cutting-edge would meet directly and not be overlapped by the upper 
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incisors. The canines are on a level with the other teeth, and do not attain any 
unusual prominence. In some cases, the crowns of the lower molars increase in 
size from the first to the third— as in the gorilla. In the Gibraltar, Krapina, and 
Heidelberg specimens, the roots of the molara were very massive, and were imited 
nearly up to the neck of the teeth (see A. Keith, * Ancient Types of Man' (1911) 
which contains references to the original descriptions of the principal prehistoric 
human remains that have been discovered). 

Blood-TOMels, lymphatics, and nerves of the teeth.— All the teeth are 
supplied by branches of the internal maxillary arterj. In the upper jaw, the 
posterior superior alveolar artery passes downwards on the tuberosity of the maxilla 

and gives off branches enter- 

6^J| "^ ^^ jMk ^^^ ^^^ posterior dental 

^^ 19! ^^9 ^ canals and furnishing twigs 

A ^^ to the molar and premolar 

• X% ^ 4^^k A^ teeth. The infra - orbital 

jj ^^ ^O^ %lX ^ artery gives off one or two 

anterior superior alveolar 
branches supplying the 
canine and incisor teeth. 
In the mandible, the inferior 
alveolar artery enters the 
^^ mandibular canal, and, op- 

^^ IHPI ^¥^ posite the mental foramen, 

T ^1^ ^yS ^ divides into two branches, 

^ one of which continues the 

direction of the main trunk 
T* ' f-^ ^^ ^ittf ^^ja *^^ supplies the canine and 

^ ^•^ • ^flV iCrjr ^ incisor teeth, while the other 

reaches the surface of the 

^ • /. ^ ,^Ar .nd. s^± mandible through the mental 

^ e, c f^ 2.^^. ,^f,.nu. j^^^^^^ g^* ^^^ ^j ^ 

Fio. 46.— Amount of calcification of thb teeth at birth, tooth receives a Small branch, 

(J. Howard Mummery.) i.* r j. -i * 

^ which enters the foramen at 

A, viewed from withont ; B, viewed from within. • - j • • ^ ^-i 

its apex, and, passmg mto the 
pulp cavity, breaks up into numerous twigs, which form a fine network just beneath 
the odontoblasts. The veins leave at the apices of the fangs, and pass through the 
bony canals with the arteries. They terminate in the pterygoid plexus. Attempts 
to inject directly the lymphatic vessels of the pulp cavity have failed, but 
G. Schweitzer ('Arch. f. mikr. Anat.,' Bd. Ixiii.) succeeded in injecting them from the 
gums. The vessels from the teeth of both jaws end in the mandibular glands. 

The teeth of the upper jaw are supplied by the maxillary, and those of the lower 
jaw by the mandibular division of the trifacial nerve. The branches of these nerves 
to the teeth follow closely the corresponding arteries, entering the pulp cavity by 
the apertures at the apices of the fangs, and, after forming a marginal plexus of 
neurofibrils beneath the dentinal tubules, traverse the dentine and end in 
arborisations beneath the enamel and cement (Mummery). 

POST-NATAL DEVELOPMENT AND GROWTH OF THE TEETH. 

The development of the teeth during intra-uterine life is described in Part I. 
of this volume. During this period, the germs of all the teeth — except the third 
permanent molars — appear, and at birth some of these teeth show a considerable 
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degree of developmeot ; but the premolars and second molars of the permanent 
set are in a very rudimentary condition, being represented merely by their enamel 
germs. The dental papilla of the second permanent molar appears about the 
fourth month after birth, that of the first premolar about the tenth month, and the 
second premolar about the eighteenth month ; while the enamel germ and dental 
papilla of the third molar are not formed until the third year. 

At birth, the teeth which are sufBciently developed to be visible to the naked 

' eye, are the twenty deciduous teeth and the incisors, canines and first molars of the 

permanent set ; none of these teeth are visible from the mouth, as they are covered 

by a thick, firm, mucous membrane forming the alveolar ridgea. These teeth are 
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it pennuwnt moliri ii«ce eipoaed. 

enclosed in the dental sacs, which blend with the mucous membrane towards the 
surface and unite below with the periosteum lining the alveolar depressions in the 
jaws. These sacs can be exposed, as in figs. 44, a and b, and 49, by the removal of the 
median and lateral walls of the alveoli. This is most readily done in the mandible. 
The sacs seen from both aspects in this dissection are those investing the milk- 
teeth, the first permanent molars, and, on the median aspect in addition to these 
teeth, the permanent incisors and canine. The sacs cover the dental papills and 
enamel organs, and are best marked during the earlier stages of the calcification of 
the teeth. 

The growth of the teeth advances steadily after birth, but bo slowly that several 
years elapse between the commencement of calcification of a tooth and its complete 
development. In all the teeth, the process is essentially the same, but modified 
where the tooth possesses more than one cusp or root. The dental papilla, with 
the inner layer of the enamel organ which covers it, acquire the form and size of 
the crown of the future tooth. The formation of dentine commences on the surface 
of the papilla, from one or more centres, according to the number of cusps. Where 
the crown is bicuspidate, or multicuspidate, the separate centres become united 
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by an extension of the calcareous deposit over the maeticatory Buriace. Calcification 
proceeds from the circumference of the papilla towards the future neck, until a cap 
of dentine covered by enamel is formed, which resembles in size and shape the 
crown of the future tooth, and thia cap is gradually thickened by fresh deposits of 
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dentine on its inner surface. In those teeth that have more than one root, septa 
grow inwards at the neck of the tooth and unite to subdivide its cavity into compart- 
ments corresponding in number to the roots or fangs to be formed. Each root 
is calcified from the neck towards the future apex, and until the growth of the tooth 
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or THE DECIDUODS AND rEBHANENT TEETH. (ShsTpey.) 

The ■pecimen oonteini all tlie milk-tMth of the right aide, together with the inciwin of the left ; the inner 
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the eighth or vigdom.lootli. which ii Dot jet formed. The luge uo neai the ramui of the jaw ii that of the 
flnt permaueDt molar, and above and behind it ia the commeDcing mdiment of the ucond molar. 

is nearly completed the free end of the root terminates in a thin edge surrounding 
a large opening into the pulp cavity. The wall of the pulp cavity is thickened by 
successive deposits of dentine on its inner surface, and the apex of the root ultimately 
becomes solid— -with the exception of a minute central canal by which blood-vessels 
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and nerves reacti the pulp cavity. This cavity is laigei in the deciduous than in 
the permanent teeth, and in the latter a thick wall and a small pulp cavity are 
indications of a well-developed tooth. The enamel organ, and the enamel formed 
from its inner layer, invest only the crown of the tooth, and the dentine of the 
root becomes covered by cementum (substantia oaeea). 

At birth, calcification has commenced in all the milk-teeth, but only a thin 
shell is formed on the dental papilla. This process is more advanced in the incisors 
than in the other teeth, and has extended from their cutting-edges nearly as far as 
the future neck of the tooth. Tlie canines have the apical portion of their crowns 
calcified. In the first molars, the masticatory surface is nearly completed, as the 
calcified cusps have become united with one another by an extension of the 
calcification over the areas between them ; but in the second molars, a considerable 



Niitunl uie. (J. Sytuuigtco.) 

Tbe erupted teeth of Uie upper jaw nre the mfdiui permuient iaaiiar, the temponrv oulin^ the flrat 
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thoae of the npper, except tliat the lalenU decidnoDi iiicuor ia aljll in poaitioQ. 

part of the masticatory surface is uncalcified, and one or more of the cusps may still 
be isolated. The antero-lateral cusp of the first lower molar has just commenced 
to calcify. 

At the end of the first year after birth, the crowns of nearly all the milk-teeth 
poaaess a complete cap of dentine, and the roots of the incisors and first molars 
are beginning to appear. In a child two years old, the growth in length of the 
roots of the incisors and first molars is nearly complete, but their walls are still 
thin ; the canines have a large aperture at the apex, and the roots of the second 
molar are about half their full length. Although by this time all the milk-teeth 
are usually erupted, their roots are still growing. About the end of the third year, 
the incisors and first molars are fully formed, but the roots of the canines and 
second molars are still incompletely developed ; indeed, they probably continue 
to grow until the sixth year. 
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Ttie permanent incisors begin to calcify about the sixth month after birth ; 
their crowns are distinctly visible in skiagrams of the jaws of infants about a year 
old, and by the end of the third year are fully formed. The root grows slowly 
until shortly before its eruptioD and even after it has completely erupted, the root is 
still shorter than the crown. At about the tenth year, it has attained almost ita 
full length, but the aperture at its apex is much larger than in an adult. The lateral 
incisor is somewhat later in its calcification than the median. 

The crowns of the canines are only slightly later in their development than 
those of the incisors, but their root- formation ia distinctly slower. 

The first premolars begin to calcify at the third year, and the second at the 
fourth, and the crowns are completed about the seventh year ; at the tenth year 



(SjmiiDgl^Hi and RAokiD-) 
en and also the upper, but lew diatinctly. There ie i« ■ U^a crypt 

the root has acquired about half its normal length, and at the thirteenth its cavity 
is stiil conical with the base at the apex of the fang. The coot is probably 
completely developed about the fifteenth or sixteenth year. 

As already mentioned, the only permanent teeth which commence to calcify 
before birth are the lower first molars, and this process begins in the upper molars 
durii^ the first month after birth. All the cusps of the first molars are calcified 
by the sixth month, and at the end of the first year the masticatory surface of their 
crowns is complete. The crown is completed in the third or fourth year ; root- 
formation begins in the fifth year, and probably proceeds somewhat rapidly before 
the eruption of the tooth in the sixth year, when it has acquired rather more than 
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half its normal length. The growth of the root is probably not completed mitil 
about the tenth year. As this tooth begins to calcify just before birth, it takes 
about ten yeats to attain its full development. 

The secoivd molais begin to calcify in the fourth year, and the crown is not 
fully formed until about the eighth year ; the roots grow slowly until shortly before 
the period for the eruption of the tooth. At thirteen, a comparatively large aperture 
at the end of the fangs indicates their incomplete development. 

In the third molars, calcification starts about the tenth year, and I have found 
these teeth still destitute of fangs in subjects thirteen and sixteen years old. 

The degree of calcification of the teeth at diSerent periods of life is shown 
iti fig. 31 and figs. 46 to 53. 

delations of tlie developlnr t«eth. — During their development and 
growth, the relations of the teeth to one another and to the jaws undergo various 



(SymiogtoQ and Ruikio.) 
rupted eiinpt the wcood upper moUr. The fint psnnuient molan an 

important changes. The teeth are formed primarily quite independently of the 
jaws, and the intimate relation which subsequently exists between the teeth 
and their bony alveoli is only gradually acquired. 

At birth, the milk-teeth, largely composed of non-calcified matenal, are situated in 
the alveolar processes of the jaws and do not project beyond the level of the alveoh. 
The septa between the sockets for the individual teeth are imperfectly developed ; 
distinct apertures in the septa peimitting of a communication between adjacent 
alveoli. The septum between the second temporary molar and the first permanent 
molar is only faintly indicated, and there is no bony wail behind the upper first 
permanent molar. The lower first permanent molar is situated in the base of 
the coronoid process. 

During the period of six months after birth, when no temporary teeth usually 
erupt, the jaws are the seat of active growth. At about the sixth month, the greater 
part of the lower first permanent molar Ues in the alveolar process and in front of 
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the base of the coronoid process. In both upper and lower jaws, the outer wall of 
the alveoli of the temporary molars has grown inwards at its free edge, so that the 
opening into the alveoli is smaller than the cavity, and these teeth cannot erupt 
without the previous absorption of this overhanging wall. By this alveolar growth, 
the temporary molars are protected from excessive pressure before their eruption. 
In the maxilla, the antrum has extended outwards over the inner part of the 
temporary molars and of the first permanent molars, the alveoL for these teeth 
being separated from the antrum merely by a thin plate of bone, while a small 
cavity is formed a little in front of the antrum for the permanent canine. 



Fra. 63.— SiuaBiM or the uoht halt or THk i»tb ahd j^wi or a ioy aqed an Ytita. 

(Symington and Ruikiii.) 

All tbs teeth, both deddaoua imd permuieDt, except the third molora, are preaent io thii ipecimea. 

During the eruption of the temporary teeth — i.e. from about the sixth to the 
twenty-fourth month^the alveolar process of the maxilla grows downwards and 
forwards, and the teeth descend as they erupt. These changes are not compensated 
for by a corresponding descent of the floor of the nose, nor by an expansion of the 
antrum and the growth of the roots of the teeth, so that the incisors gradually 
recede from the floor of the nose, and the canine and premolars from the antrum. 

The twenty permanent teeth do not all lie in the maxilla above, nor in the 
mandible below the corresponding temporary teeth which they replace. The 
permanent incisors develop in alveoli situated on the lingual side of the temporary 
incisors, and the maxilla and mandible present apertures in this position leading 
into these alveoli (see fig. 43) ; but in consequence of the great breadth of the crown 
of the upper median incisors there is not room in the dental arch for the lateral 
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incisors, and these teeth become overlapped on the labial aspect by the median 
incisors. The alveolus for the median incisor reaches close to the floor of the nose, 
while the lateral incisor is near the palatine aspect of the alveolar process. The 
permanent canines, soon after their appearance, tend to migrate from the lingual side 
of the temporary canines — upwards in the maxilla and downwards in the mandible. 
As the alveolus of the permanent canine extends, it comes into close relation with 
the anterior wall of the antrum and the lateral wall of the nose, and its lower part 
lies on the labial side of the adjacent alveoli of the lateral incisor and of the 
first premolar. When these two teeth erupt, they diverge from one another, and 
thus leave a space between them for the canine. This divergence may not be 
sufficient, and the canine, after eruption, may project forwards beyond the line 
of the neighbouring teeth, giving rise to the condition known as buck-tooth. 

As soon as the premolars are visible to the naked eye, they are found occupying 
crypts between the fangs of the corresponding temporary molars. In the upper 
jaws, these crypts lie a little below the anterior part of the floor of the antrum, and 
in the mandible reach below the level of the mental foramen. 

We have already seen that at birth the arch of the lower milk teeth extends 
backwards nearly to the base of the coronoid process, and that the crypt for the first 
permanent molar is mainly situated in the base of this process. The changes in 
the mandible, by which space is gradually formed in the alveolar margin for the 
permanent molars, were described by John Tomes ^ and Humphrey.^ 

The breadth of the part of the arch of the mandible corresponding to the 
milk teeth and their successors, does not increase to any appreciable extent 
after birth, as measured from the median aspect, although the jaw becomes 
thickened by deposits of bone on its lateral aspect, and increased in vertical 
extent at the alveolar edge and the lower border. There is very little growth at 
the symphysis menti, after birth, and the two halves become united by bon« 
about the middle of the first year. Space, therefore, for the permanent molars 
can only be obtained by a growth of the posterior part of the mandible, and this 
must be associated with an absorption and modelling of the new anterior border of 
the ascending ramus. During the first six years after birth, the anterior part of 
the ascending ramus is gradually absorbed, and the crypt for the first permanent 
molar in the fifth or sixth year lies in the alveolar margin. At this period, the 
second permanent molar is found in the base of the coronoid process, and by the 
twelfth or thirteenth year this tooth has gained the alveolar margin. A similar 
seat of origin, and subsequent advance into the alveolar margin, occurs in 
connection with the third molar, the process occupying from about the tenth 
to the twentieth year. 

The upper permanent molars are formed at corresponding periods at the back 
of the maxillary tuberosity, from which they descend into the alveolar margin 
in regular sequence from the first to the third. When the upper jaw and the 
teeth are fully formed, the molars are the only teeth usually found just directly 
below the antrum, although sometimes the antrum extends forwards above the 
second premolar. 

Braption of the teeth. — Until a tooth is so far advanced in its development 
that the crown and part of the root are calcified, it remains embedded in the tissues 
beneath the gum. The process of eruption consists of the passage of the crown 
through the gum, and a completely erupted tooth presents the following character- 
istics : ' The crown of the tooth projects so that all the enamel is exposed, except 
that portion covered by the free margin of the muco-periosteum (gum). The 

1 A System of Dental Surgery ^ Ist edition, 1859. 

2 British Journal of Dental Science, vol. vi, 1862. 
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root of the tooth is firmly planted in the alveolus, which should be on a level with 
the neck of the tooth. The periodontal membrane is completely developed. The 
gum is firmly boimd down to the bone, presenting a thin even margin in close 
contact with the tooth immediately beyond its continuation with the periodontal 
membrane/ ^ 

The development of the teeth is associated with various changes in the 
surrounding parts, which must be considered in connection with the process of 
eruption. The inner layer of the enamel organ becomes converted into the enamel, 
the middle layer undergoes atrophy, and the outer layer is pushed outwards and 
forms a very delicate covering (dental cuticle, or Nasmyth's membrane) for the 
crown of the newly erupted tooth. The dental sac becomes thinned, and blends 
with the periosteum lining the alveolus. In almost all the teeth, the opening into 
the bony crypt is smaller than the crown of the tooth, and hence absorption of the 
margins of the opening must occur before the tooth can reach the gum. The 
eruption of the successors of the temporary teeth is preceded by an absorption 
of the roots of the latter and a shedding of the remains of these teeth. 

Period of eruption of the deciduous teeth, — The eruption of these teeth does not 
occur in regular succession from behind forwards, as the first molars appear 
before the canines ; nor by a gradual and continuous process, but in batches^with 
intervals of repose between the successive periods of activity. The first to appear 
are the lower median incisors, then the upper median incisors, followed after a short 
interval by the upper lateral incisors, and after a longer interval by the lower lateral 
incisors. A. T. Spanton ^ examined 200 infants — 100 males and 100 females — and 
out of these the lower median incisors appeared before the upper in 85*5 per cent. 
The average date of eruption in the males was 252 days, and in the female 221 ; this 
earlier eruption in females does not apparently apply to the other milk-teeth.^ 
The first molars erupt at about the same time as the lower lateral incisors ; then 
after an interval of four or five months the canines, and finally, about the end of 
the second year, the second molars. 

Tabl^ of Eruption of the Deciduate Tpeth. 
Lower median incisors . .... 6 to 9 months. 



Upper incisors .... 
Lower lateral incisors and first molars 
Canines ..... 

Second molars .... 



8 to 10 months. 

15 to 21 months. 

16 to 20 months. 
20 to 24 months. 



Cases of eruption of teeth before birth are rare, but Louis XIV. of France, Richard III. 
of England, Mazarin, Mirabeau, and others are cited as examples of its occurrence. The eruption 
before birth is usually limited to the lower median incisors, and such teeth may be quite normal 
and may persist until the usual period for their replacement by permanent incisors. Herpin 
(* Cas particuliers de dents k la naissance,' Comptes Bendus des Anatomistes, 1911) described a few 
cases in which minute rudimentary lower median incisors appeared through the gum a few 
da3r8 after birth. These teeth were mobile, and generally soon became detached. Non- 
appearance of the teeth is extremely uncommon. Girald^s {Compte Rendu Soc, Biol,, 1860-1 ) 
has recorded a case of absence of teeth in an infant sii^teen months old. 

Period of eruption of the permanent teeth. — The dates of eruption of the permanent 
teeth are more variable than those of the deciduous, since the twenty anterior 
teeth, which are the vertical successors of the deciduous set, are liable to have 
their eruption delayed when the deciduous teeth fail to be shed at the usual period, 

> W. W. James and A. T. Pitta. * Some Notes on the Dates of Eruption in 4,860 Children Aged under 
Twelve,* Prvc. Royal Soc. of Medicine, voL v., na 5, 1912. 

« The Normal Eruption of the First Milk Tooth,* Brit. Med. Jour., Januaiy 8, 1907. 

3 J. Ch^rot, « Etude statistique sur I'eruption des dents et leur age d'apparition,' Thise de Paris, 1898. 
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and the eruption of the pennanent molars is dependent upon a complicated 
series of changes in the jaws, by which space is found in the alveolar arch 
for them. 

The average time of eruption of the lower teeth is shown in the following 
table : — 



Molars' first 
Incisors, median 

„ lateral . 
Premolars, first . 

„ second 

Canines 
Molars, second . 

„ third (or wisdom) 



about the end of the 6th year. 

7th 



j> >> >f ■ *'** »* 

8th 
between the 10th and 11th 



»» 

„ nth and 12th „ 

„ nth and 12th „ 

„ 12th and 13th „ 

„ 17th and 25th „ 



As a rule, the upper teeth are six to twelve months later than the lower, 
but the first premolars are an exception, as the upper ones usually appear 
before the lower. 

James and Pitts ^ have published the results of an examination of 4,850 children under 
twelve years of age, tabulating the cases together in periods of three months, ranging from five to 
twelve years, with a separate list of permanent teeth erupting prior to five years. These results 
are incomplete, owing to the age-limit of twelve years ; but they are the most extensive observa- 
tions on the period of eruption of the permanent teeth that have hitherto been recorded. These 
authors met with sixteen cases of the eruption of some — in only one case all — of the first molars 
prior to the age of five years, and by the end of the twelfth year all the first molars and the 
permanent incisors had erupted, wldle the remaining teeth had the following proportion of 
erupted teeth : lower first premolars, 77*6 per cent, and upper 86*8 per cent. ; lower second 
premolars, 61*1 per cent, and upper 74 per cent. ; lower canines, 74 per cent, and upper 57*4 
per cent. ; lower second molars 57*4 per cent, and upper 44*4 per cent. 

▼arlattons in tlie number of teetb. — ^The teeth of the temporary set seldom vary 
in number, but occasionally a lateral incisor may be absent, one or more supernumerary incisors 
be present, or two adjacent teeth found fused together (see Tomes, Dental Surgery^ 2nd edition, 
1873, p. 94, and C. Earle, * On the Presence of a Supernumerary Milk-incisor in the Human 
Dentition,' Jour, Anat. and Phys, vol. xxix., 1905). Even in the permanent set, variations are not 
c<Hnmon ; thus, amongst 19,725 schoolchildren, examined in Schleswig Holstein,^ only thirty-three 
cases of supernumerary teeth were observed. In some instances it may be impossible to decide 
whether a supernumerary tooth belongs to the temporary or the permanent set. There has 
been a considerable amount of controversy as to the significance of numerical variations in 
children, more particularly with reference to the question of their atavistic nature. As the 
typical permanent mammalian dentition is I3, Cj, PM4, and M3 on each side of each jaw, it follows 
that in man three pairs are suppressed : namely — one pair of incisors and two pairs of premolars. 
Where a supernumerary tooth is an incisor or a premolar, it may fairly be assumed to be a reversion 
to an ancestor provided with more teeth than man. As not more than two incisors are normally 
present in any of the primates, while a number of the lower primates have three molars, one 
would expect, on the theory that supernumerary incisors and premolars are atavistic, additional 
premolars to occur more frequently than additional incisors. This has not been proved to be 
the case; indeed, Dependorf found cases of supernumerary incisors more frequent than 
supernumerary premolars. In a typical dentition, the incisors may be distinguished as t'l, I's, 1*3, 
and the premolars as pTTii, pm^ prn^, and pm4. Some consider that in man, i^ is absent, and others 
t's ; while amongst the premolars, the missing teeth are probably pmi and pm^ or possibly jmii 
and pm^. Numerous cases have been recorded of fourth molars. Zuckerkandl ' has shown that 
in persons from fourteen to nineteen years of age the dental lamina extends behind the third 

1 • Some Notes on the Dates of Eniption in 4.850 Children, Aged under Twelve,* Proe. Royal Soe, of 
Medicine, voL v., na 5, Bfarch 1912. 

2 Dependorf, * Zar Frage der uberzahligen Zahne im menschb'chen Gebiss,* ZHUchrift f. Morphologic 
und Anthropologies Bd. x., 1907. 

3 * Ueber das epitheliale Radiment einee vierten Mahlzahnes beim Menschen,* Sitzungsber. d. hais, Ahad. 
d. Wiseeneeh. Wien., Bd. 100, Abt. 3. 
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molar and is lodged in a small recess or groove in the jaw. This is really a repetition of what 
occurs in the early stages in the development of the other molars (see fig. 43). The fourth molar 
rudiment normally disappears, but in place of this it may develop into a distinct tooth. This is 
an excess in a serial repetition, and has no phylogenetic significance, as mammals possessing 
four molars are too remote from man. 

At a meeting of the International Dental Federation, in August 1913, Prof. L. Bolk. 
of Amsterdam, exhibited about thirty specimens of additional permanent molars. Some of 
these were situated on the buccal aspect of and between the second and third maxillary 
molars: these he termed paramolars, while those found behind the third molars he 
named disto-molars. These additional teeth had molariform crowns, but only a single 
root (see British Dental Journal, vol. xxxv., no. 3, February 2, 1914). 

xramber of dentltloiis. — Although it is generally assumed that man, in common with the 
majority of mammals, is diphyodont, he would appear to be potentially polyphyodont. The 
mammalia are usually considered to be descended from the polyphyodont reptilian, and, if such 
be the case, we may expect to find that mammalian evolution has been associated with a reduction 
in the number of dentitions and that the monophyodont condition, instead of being as formerly 
supposed, the primitive one, represents a retrogressive step. In man, the diminution has 
proceeded so far that only two sets are fully developed and functional, but there is strong evidence 
in favour of the existence of traces of a prelacteal and a postpermanent dentition. Leche ^ 
has described rudimentary teeth In various pouch marsupials, situated on the labial side of 
the anterior milk-teeth, which he regards as prelacteal. P. Adloff ^ discovered a minute tooth in 
a ten-weeks' human embryo, situated on the buccal side of the second deciduate molar, which 
he termed prelacteal, and some of the dental rudiments occasionally found in the outer part of 
the alveolar margin of adult jaws are probably of this nature. The evidence in support of a 
postpermanent, often called tertiary, dentition rests mainly upon the reports of cases in which 
fresh teeth are stated to have appeared after the loss of some of the permanent set. A list 
of such cases has been compiled by Launois and Branea.' 

BTolntlon of tbe molars. — ^The primitive tooth is a simple cone, forming what is known as 
the haplodont type, but in nearly all mammals the cheek-teeth are complex. Two main views 
are held as to the phylogeny of the multicuspidate teeth — such as the molars in man. According 
to one hypothesis, known as the concresence theory, these teeth are formed by the fusion of 
a number of originally simple cones, each cusp of a mammalian molar representing the apex 
of one of these cones. The evidence in favour of this view is mainly embryological, and is based 
partly upon the mode of development of the molars, in each of which the primary papillae is not 
a simple papilla, but consists of several processes to which others may be added. The processes 
are separately calcified, and the crown is formed by the subsequent fusion of their bases. The 
concresence theory is supported by Rose,^ and in a modified form by Kukenthal * and Marett 
Tims.* Cope,^ Osbom,^ and other American paheontologists, support what is known as the 
tritubercular theory. According to this view, the primitive mammalian molar tooth is 
triconodont, and is f c^med from a primitive conical tooth — the protocone — to which is first added 
a small anterior cone — the paracone — and then a small posterior one — the metacone. The 
tooth thus formed, possesses three cusps situated in an an tero- posterior line; but these 
subs3quently shift their position to form a triangle. In the upper jaw, the protocone moves 
to the palatine side, while the paracone and the metacone become respectively the anterior 
and posterior buccal cusps. In the lower jaw, the process is reversed ; the protocone acquiring 
a buccal position and the paracone and the metacone become lingual, so that the base of the 
triangular upper molar is turned outwards and that of the lower molar inwards. Such teeth, 
while admirably adapted for cutting, are not suited for crushing, which is the principal function 
of the primate molars. The triangular cutting-molars have been transformed into quadri- 
tubercular crushing-teeth by the development of a talon or hecL The upper molars 
have developed a talon or heel which supports a posterior palatine cusp or hypocone. In this 
way, the four cusps of the upper molars have been developed. The evolution of the lower molar 
is much more complicated. It has lost its anterior lingual cone or paraconid, but its talon 
supports three tubercles — the posterior lingual (entoconoid), the posterior buccal (hypoconid), 
and the posterior median or hypoconoid. 

1 • Zor Entwickelungsgeschichto des Zahnsyatems der Saugetiere,* Bibl. ZooL, H. 17. 

2 * reberreste oiner praelactealea Zahnreihe beim Menachen,* DeuL MotuUa, Zahnheilk., Jahig. 27. 

3 * Etude SOT la troisiftme dentition chez rhomme,* Jour, de FAnat. etdela Phys., Annde 32. 

* * Ueber die Entstehung und Formabanderungen der menschlichen Molaren,* Anat. Anzeiger, Bd. vii., 
xou2. 

* • Die Bezahnung der Zahnwale.' Denkschr. d. med. naturw. Qesdlsch. Bd. xxvui., 1893. 

6 'The Evolution of the Teeth in the Mammalia,'|/cmr. Anat. and Phya., Bd. xxvii., 1903. 

7 American Naturalist, 1883. 

» EvoluHcn of the Mammalian Teeth, 1907. 
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The pharrnz (figs. 54 and 55) extends from the base of the skull to the lower 
border of the sixth cervical vertebra, where it terminates by becoming continuous 
with the oesophagus. It lies in front of the basilar part of the occipital bone and the 
upper six cervical vertebrie and behind the nasal cavities, mouth, and larynx. It 
may therefore be divided into three parts : namely — nasal, oral, and laryngeal. The 
velum palatinum or soft palate projects backwards and downwards into it, and 



Thyroid cartilage 
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during the act of deglutition is drawn upwards and backwards against its posterior 
wall, so as completely to separate the nasal from the oral portion. In all, seven 
openings lead into the cavity of the pharynx : namely^above the velum, the two 
choance (posterior narea), and the two tubae auditivie (Eustachian tubes) ; and below 
the velum, from above downwards, the orifices leading into the mouth, larynx, and 
cEsophagus. The pharj-nx is about H cm. in length. Its transverse diameter is 
considerably greater than its antero- posterior. Its widest part (about 4 cm.) 
is usually opposite the upper part of the arytenoid cartilages (see fig. 59). 
below which it rapidly contracts, like a funnel, towards its termination, where it is 
narrowest. 

The nasal part of the pharrnz {'pars nasalis phaiyngis, naso-pharynx, or 
post-na3al space) is an air-cavity irregularly cubical in shape, and presents for 
examination an anterior, a posterior, and two lateral walls, a roof , and a floor. 
The anterior wall is bounded medially by the posterior edge of the nasal 
septum, and on each side of this septum is an opening (choana) into the cor- 
responding nasal cavity. The posterior wall is continuous, below, with the 
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posterior wall ot the oro-pharynx, and, above, with the vaulted roof, without 
any definite bonndariea ; but it may be conveniently regarded aa reaching fiom 
the upper border of the superior constrictor of the pharynx, opposite the middle 
of the basi- occipital bone downwards to the lower border of the body of the 
axis vertebra. 

In each lateral wall, the opening of the tuba avdiliva appears as a vertical cleft, 
or as a funnel-shaped opening, and is bounded behind by a prominence — the cushion 
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of the Eustachian lyrifae — containing the cartilage of the tube. Between this 
prominence and the posterior wall of the pharynx, there is a deep recess passing 
backwards and outwards. It is known as the lateral recess of ike pharynx (ireceasxu 
pharyngeus [Rosenmite]ieri\). From the cushion of the Euafcachian orifice, the 
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mucous membT&iie forms a. vertical fold — ^the plica galpingo-pharyngea — passing 
downwards os tKe side wail of the pliaiynx behind the arcus phan/ngo-paialinus. 

J.E. Frazer ('The Early Development of the EustEwhisn Tube and NMi>-ph«rjiiz,'firtl.jreii. 
Jour., October 16, ISIO) has shoim that the EaBtachian tube repreaenti the tamaa of the fint, 
Beoond, and posaiblj the third pharyngeal cleftt, and the fossa of RosenmuUer owes its depth 
mainly to the prominence of the EuBtoohian tube, and is not derived from any tA the pharyngBal 

defta. 

The floor of the naso-pharynz is formed by the upper suifacB of the soft palate, 
which slopes obliquely downwards and backwards. Behind the lower part of the 
Boft palate, the naso-pharynz communicates with the oropharynx by a transverse 
sUt. When the elevator muscles of the palate are thrown into action, this opening 
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is closed, and the upper surface of the palate may bulge upwards so as to be visible 
from the nasal cavities as the levator cushions. This condition is sometimes met 
with in the dead body. 

The roof or vault of the pharynx lies below the upper part o£ the basi-occipital 
and posterior part of the baai-sphenoid portion of the base of the skull. It is 
separated from the lateral wall on each side by a groove continuous posteriorly 
with the pharyngeal recess or fossa of Hosenmiiller, and anteriorly it extends to the 
nasal septum and the roof of the choante. 

TonsUla pharjuirea. — The mucous membrane of the roof of the pharynx is 
thrown into folds and mAltrated with lymphoid tissue, forming the pharyngeal 
tonsil (see figs. 54, 56, and 57). In the median line, at about the union of the roof 
and posterior wall of the naso-pharynx, a recess is almost invariably found, 
which may end blindly aft«r a short course, or may turn forwards for some distance 
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in tlie roof of the pharynx. This bursa is known as Liischka's pouch (' Der 
Schlundkopf des Menschen/ 1868, p. 26). Its developmental significance is 
unknown, and it does not appear to be specially associated with the formation 
of the pharjHdgcal tonsil From the neighbourhood of this pouch, a number of 
folds radiate outwards and forwards over the roof of the pharynx. The number 
and position of the folds, and of the deep fissures separating them, vary some- 
what. Thus a median fold may pass forwards from the pharyngeal bursa 
towards the nasal septum, or a fissure may extend from the bursa so as to 
divide the pharyngeal tonsil into two lateral halves. The fissures passing 
forwards often form curves with their convexity outwards, while those near the 
base of the tonsil are generally straight and nearly transverse. 

The upper or attached surface of the pharyngeal tonsil is united to the fibrous 
tissue covering the basi-occipital and baai-sphenoid, and its free surface looks 
towards the upper two-thirds of the soft palate. 

The pharyngeal tonsil is distinctly visible to the naked eye during the later 
months of fetal life, and it continues to increase in size during infancy and early 
childhood. Possibly, it normally attains its maximum development by the sixth 
or seventh year, after which it gradually atrophies. It occasionally persists in a 
well-developed condition until adult life. In a boy aged three years (see fig. 54), 
the distance from the cranial periosteum, where the tonsil was attached, to the 
posterior surface of the soft palate was 15 nmi,, and this space was about equally 
divided between the tonsil and the cavity of the pharjouc This does not represent, 
in my experience, an excessive growth for a child of about this age. It is sometimes 
so much hypertrophied that it nearly reaches the soft palate, and, with the mucous 
that generally collects in such cases in the naso-phar3n:ix, it may almost entirely 
prevent nasal breathing (see Symington, ' The Pharyngeal Tonsil,' British 
Medical Journal, October 15, 1910). 

The average capacity of the nasal part of the pharynx is said to be 14 c.c. 
Its transverse diameter in front of the Eustachian orifices is about 22 mm- ; 
between the Eustachian cushions it varies considerably — on an average it is 
about 15 nmi. ; and between the outer ends of the fosssd of Rosenmiiller about 
3 cm. The distance from the lower part of the posterior edge of the nasal 
septum to the posterior wall of the pharynx is 15 mm. 

The oral part of the pharynx (pars oralis pharyngis) is situated below the 
soft palate and above the level of the larynx. Owing to the mobility of the tongue 
and of the soft palate, it varies considerably in size and form. It commimicates 
in front with the mouth through the isthmus faucium, and below this opening it is 
bounded anteriorly by the posterior part of the dorsiun of the tongue. Its posterior 
wall is usually in front of the third cervical vertebra, and, when the soft palate is 
raised, abo in front of the lower part of the body of the axis vertebra. On each 
lateral wall, there is a somewhat triangular recess, bounded by two folds of mucous 
membrane — the arcus falato-glossus (anterior palatine arch) and the areas palato- 
pharyngeus (posterior palatine arch). The anterior arch joins the tongue and 
forms the lateral boundary of the isthmus of the fauces, while the posterior one 
gradually disappears on the side wall of the pharynx. 

The tonsillaD palatlnaD are two oval masses of lymphoid tissue, situated one 
on each side in the recess between the anterior and posterior palatine arches. Their 
long axes are directed from above downwards and somewhat backwards, and they 
reach from the soft palate above to the side of the tongue below. When the fauces 
are closed, the free surface of each tonsil lies against the posterior part of the tongue 
(see fig. 20). On an average, they measure at puberty 20 mm. to 25 mm. in a vertical 
direction, 10 mm. to 15 mm. from before backwards, and from 5 mm. to 10 mm. 

E 2 
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from within outwards. They are frequently enlai^ed in childiea and atropliied 
iu adults, and they VMy greatly not only io size, but also in appearance. Hett 
and Butterfield^ found that the tonsils in bealtfay children begin to atrophy 
about the fifth year. When viewed from the median aspect, the tonsil is 
seen to occupy a recess {sinat tonaUlarU), which is bounded above and 
in front by a crescentic fold of mucous membrane, strengthened by fibrous 
tissue continuous with the capsule of the tonsil. The upper part of 
this fold, known as the plica su^pTa-Uma^llaria, is well marked and forms the 
median boundary of a recess, generally known as the fotsa supra-4(nuiUaTit, 
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which extends forwards and upwards into the tonsil for a depth of 5 mm. 
to 10 mm. ; the lower part of the fold which boundK the tonsillar recess 
anteriorly, is called the plica tnangularia, as it forms the boundary of a triangular 
area limited in front by the anterior palatine arch, and below by the tongue. On 
dissection or section, the tonsil is found to be more eztenaive than the floor of 
the depression ; thus it extends upwards around the supra-tonsillar fossa and 
also forwards external to the plica triangularis as far as the anterior palatine 
arch. 

The tonsil is provided with a well-defined capsule, from the inner aspect of 
which septa pass into the organ. The out«r surface of the capsule, in the greater 
part of its extent, is united with neighbouring structures by a rather loose areolar 
tissue containing a venous plexus. This peri-tonsillar space is easily demonstrated 
laterally and above, where the tonsil lies against the median surface of the superior 
constrictor, and also over the anterior part of its median aspect where it is covered 

■ 'The An>ta<Df ud CompusliTs Anftlomj of the Palatine Toniil, and ita Rflle la 
Maik.' SriL MA Jour., September SO, 1013. 
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by the mucous membrane of the plica triangularis. In front, however, the capsule 
is united by firm fibrous tissue to the palato-glossus muscle, behind to the palato- 
pharyngeus muscle, and below it is continuous with the fibrous tissue of the tongue. 
Both the external and internal carotid arteries lie fully an inch lateral and posterior 
to the tonsil. The tonsil lies median to the lower border of the mandible, a little 
in front of its angle ; but it is separated from the skin by the submandibular gland, 
stylo-glossus, stylo-pharyngeus, and superior constrictor muscles (see fig. 20), and 
is too deeply placed to be felt externally, even when enlarged — more especially 
since it then bidges inwards and not to any appreciable extent outwards. 

The free surface of the tonsil exhibits a number of deep depressions and clefts 
(fossulcB tonsUlares), some of which reach outwards nearly as far as the capside. 
The walls of these clefts, as well as the surface of the gland, are infiltrated with 
lymphoid tissue. The fissures on the upper part of the tonsil open into the 
supra-tonsillar fossa. 

Blood-Tosselsy Ijmphatioft, and nenres. — Arteries. — The tonsils re- 
ceive a large supply of blood from a number of smaU arteries. The principal 
supply is from the tonsillar and palatine branches of the external maxillary, which 
pierce the superior constrictor and enter the lower and posterior part of the gland. 
The descending palatine of the internal maxillary sends twigs to the upper part, 
and the dorsaUs lingusB to the lower end. From these arteries, fine branches and 
capillaries are distributed abundantly to the lymphoid tissue and follicles and to 
the papillse of the mucous membrane which lines the recesses. The Telns are 
numerous, and enter the tonsillar plexus on its outer side. Xiympliatioft are 
abundant, and surround the follicles with a close plexus ; the vessels pierce the 
superior constrictor muscle and pass to one or more glands lying close to the 
posterior belly of the digastric muscle and the internal jugular vein (superior 
deep cervical group of glands). The nerves come from the glosso-pharyngeal, 
and from the trifacial.' 

According to Hett and Butterfield,' in infancy, the portion of the tonsil situated in the walls 
of the supra-tonsillar recess (palatine portion of the tonsil) is well developed, and forms ahout 
a third of the organ ; but during childhood it tends to atrophy, and there is a marked development 
of lymphoid tissue opposite the tonsillar depression, so that the main part of the tonsil is found 
below the supra-tonsillar fossa. They found that the simplest form of mammalian tonsil was 
a funnel surrounded by lymphoid tissue, and they consider that the lymphoid tissue in the wall 
<^ the supra-tonsillar fossa is an integral part of the human tonsil. In addition to the paper of 
Hett and Butterfield, one by J. Killian ('Entwickelungsgeschiohte, anat. und klin. Untersuchungen 
ueber Mandelbucht und Gaumenmandel,* Arch.f, Laryngologie, Bd. vii., 1898) may be consulted 
for further particulars regarding the anatomy of the tonsiL Objection has been raised to the 
term supra-tonsillar fossa, since the recess lies within the capsule of the tonsil, and hence is not 
as the term suggests, situated above the tonsil. The name tonsillar fossa would be more 
accurate. 

The depression forming the sinus tonsillaris is the remains of the dorsal end of the 
median part of the second pharyngeal cleft. In the third month of fetal life the sinus is 
subdivided into two recesses by an intra-tonsillar fold (Hammar). From each of these recesses, 
processes extend laterally, and have lymphoid tissue developed in their walls, so that each tonsil 
consists of an anterior and upper and a posterior and lower portion. The fold separating these 
two parte of the tonsil subsequently disappears, but traces of it may sometimes be recognised 
in the adult. 

The laryngreal part of the pharynx (pars laryngea pharyngis) (figs. 13, 
59, and 60) is situated behind the entire extent of the larynx. Its length is equal 
to that of the nasal and oral parts combined. In the upper part of its anterior wall 
is the superior aperture of the lar3nix. On either side of this is a longitudinal 
groove called the recessus pyriformiSy which represents the remains of the fourth 

1 • The Anatomy of the Palatine Tonsil,* Jour. Anat. and Phys., vol xliv., October 1909. 
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visceral cleft (His). This recess (see fig. 59) commeuceB below the lateral glosso- 
epiglottic fold, and ends opposite the cricoid cartilage. It is deepest about the 
middle, gradually becomiug shallower above and below. In a horizontal section, 
it has a somewhat triangular form (see fig. 59), with lateral and median walls, and 
a base directed backwards towards the posterior pharyngeal wall. The mucous 
membrane on its lateral waU covers the posterior part of the thyro-hyoid membrane 
and the upper and posterior part of the lamina of the thyroid cartilage, while that 
en the median wall is iu relation with the aryepiglottic fold, the arytenoid, 
comiculate, and cuneiform cartilages, the ventricular fold, and the ventricle and 
ite appendix. 

Opposite the laryngeal aperture, the transverse diameter of the pharynx is 
about i cm. A Uttle below this opening, the anterior and posterior walla of the 
pharynx come in contact, but the transverse diameter undergoes only a very sUght 
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diminution as far down as the cricoid cartilage, behind which it rapidly contracts 
so that at its termination it is only about 12 mm. to 16 mm. broad. The part of 
the pharynx behind the cricoid cartilage being normally a closed cavity, and, only 
opening during deglutition, cannot be seen with the laryngoscope unless the larynx 
be drawn forwards. 

Struotnre of tba pbaiTiix. — The walls- of the pharynx are formed from 
within outwards of a mucous membrane, a layer of fibrous tissue called the 
pharyngeal aponeurosis, a muscular coat, and another layer of fibrous tissue, whicb 
with that covering the buccinator muscle, is called bacco-fharyngeal fascia. The 
pharyngeal aponeurosis is thin and lax below, but becomes thicker and denser 
above, where it is attached to the posterior part of the sphenoid bone and passes 
outwards to the petrous portion of the temporal bone and on to the auditory 
tube. It is strengthened in the middle line by a strong band descending between 
the longi capitis muscles from a part of the basilar process of the occipital bone, 
which often presents a marked tubercle. 

Behind, the bucco-pharyngeal fascia is connected by a very loose areolar tissue 
to the pre-vertebral fascia, covering the bodies of the cervical vertebra and the 
muscles which rest upon them. At the sides, it has similar connections with the 
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Btyloid procees and its moscles, and with the sheaths of the large vessels and nerves 
of the neck. 

The attachments and relations of its muBcular coat will be described in Vol. IV. 

The mucous membrane of the pars nasalis is of a deeper led colour than that 
below the soft palate, except over the nasal septum, whereit is verypale, andat the 
orifices of the auditory tubes, which are yellowish. The pars nasahs is covered 
with ciliated epithelium, while the pars oralis and the pars laryngea have stratified 
squamous epithehum. The ducts of numerous mucous glands open on the surface ; 
the glands are specially abundant in the soft palate, round the onfice of 
the Eustachian tube, and on the posterior part of the tongue. The pharyngeal, 
palatine, and hngual tonsils have already been described. According to Waldeyei, 
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these form part of a ring of lymphoid tissue encircling the pharynx. From the 
pharyngeal tonsil, the lymphoid tissue passes round the opening of the auditory 
tube (tubal tonsil], then downwards over the soft palate to the palato-pharyngeal 
arch, and forwards to the palatine tonsil, from vhich it crosses the tongue as the 
lingual tonsil to the opposite palatine tonsil, and thence up to the pharyngeal tonsil 
Xlood-vauels, Irmpliatioa, and nsrves, — The pharyngeal wall is sup- 
phed by numerous branches derived directly or indirectly from the external carotid 
arterr : namely — the ascending pharyngeal, the superior laryngeal branch of the 
superior thyroid, the dorsalea Unguie of the Ungual, the ascending palatine and 
tonsillar of the external maxillary, and the descending palatine of the internal 
maxillary. The lymphatloft of the soft palate and the palatine tonsils have already 
been described in connexion with the account of these structures. The lymphatics 
of the rest of the pharynx form a rich submucous plexus, from which two sets of 
vessels arise on each side. The upper Bet ends in a gland (see fig. 3) situated behind 
the superior constrictor muscle and in front of the longus capitis muscle. An 
infection of this gland is stated to be a common cause of retro-pharyngeal abscess. 
The lower set of vessels converges towards the thyro-hyoid membrane, which they 
pierce to end in the glands placed in front of the hifutcation of the common carotid 
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artery. The valns form a peripharyngeal plezus on the posterior and lateral walk 
of the pharynx, and from this plexus the blood passes into the internal jugular veins. 
The sensory nervea of the pharynx are derived from the maxiilaTy division of the 
trifacial, the great superficial petrosal of the facial, the glosso-pharyngeal, and 
the superior laryngeal of the vagus. The constrictor muscles of the pharynx 
are supplied by the pharyngeal and inferior laryngeal branches of the vagus. 

Veonlterltl«B KoeordliiK to nee.— At birth, the posteritw edge of the nasal septum Is neailj 
horizontal, and the naso-pharjnz has a very small vertical diameter; theoro-phaiTnxieoppodte 
the interval betireon the basi-occipital and the anterior arch of the atlas, and the laiyago-pharynz 
is in front of the upper four oervical vertebne. This high podtiiKi of the pharynx is due to 
the relatively small vertioal extent of the facial part of the skulL As this part of the skeleton 
gradnally attains its adult proportiiHis, the palate, tongue, larynx, and pharynx descend untH 
the lower ends of the phaiynz and laiynz ore opposite the lower border of the sixth cervical 
vertebra — a difieranoe of two veri«brte and two intervertebral diaka as compared with their 
position at birth. The descent is very gradual, and is not completed until after puberty. 

Varletlea. — The priocipat variations of the pharynx are due to the abnormal persisteuoe 
of the vifloeral clefts or irregularities in their pomtion. Various cases irf this have been described 
as [^laryngeal diverticula or cervical Gstuloe (see K. von Kostanechi, ' Zur Kenntnis der 
Fharynxdivertikel des Menschen mit besonderer BerUoksichtignng der Divertikelbildungen im 
Nasenrachenraum,' Virchoa't Archiv, Bd. oxvii., IBS9). 

TUBUS DIGESTORIUS. 
The portion of the alimentary canal extending from the commencement of 
the cesophagus to the anus is known as the tnbna dlffestorlns. The lumen 
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of this tube is bounded by a wall composed from within outwards of a mucous 
membrane (tunica mwiosd), a layer of loose areolar tissue (tela suhmwx>»a), and 
a muscular coat {tunica muscularis). Along the greater length of the tube there 
is in addition a serous coat (tunica seroid), derived from the peritoneum (fig. 61). 
This serous coat is united to the muscular coat by a small amount of areolar 
tissue (Uia subierosa). Where the serous coat is absent, a layer of connective 
tissue forma an external investment [tunica advetUUia). 



(ESOPHAGUS. 

The oeaopbarus or rnllet is the part of the alimentary canal leading from 
the pharynx to the stomach. It commsncea at the level of the lower border of the 
cricoid cartilage, opposite the disk between the sixth and seventh cervical vertebrn, . 
and passes downwards through the lower 
part of the necb into the thorax. In this 
cavity it lies in the superior and pos- 
terior mediaatina, and then piercing the 
diaphragm it enters the abdomen, and, 
after a very short course in this cavity, 
joina the stomach at the level of the 
eleventh thoracic vertebra. The cesopha- 
gus may therefore be divided into four 
parts — cervical, mediastinal or thoracic, 
diaphragmatic, and abdominal. Fra. ea.— HoanojiiiL bkotioh o» tricb!*, 

lHm«ii.ioii..-The length of the ^Z^^) "" ""'^"' """ '^' 

oesophagus is about 23 cm. to 25 cm. i.,«„phi^i 2.c»it,o(tr«h»i a.wtik- 

As the distance from the incisor teeth ginoiu ring of tcwhea; *. thTroid body; 6, 

to the lower end of the pharynx is about ^" "^^^ '^'J'* "^ '°'™" '^'«^ 
15 cm., the total length of the portion 

of the alimentary canal extending from these teeth to the cardiac orifice of the 
stomach is, on an average, about 40 cm. When empty, its greatest diameter 
is about 20 mm. ; but when moderately distended, bo that it acquires a 
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cyUndrical form, its diameter varies from 16 mm. to .34 mm. The oesophagus 
is usually described as presenting three constrictions, with shght and elongated 
dilatations between them : the first constriction is at its commencement. 
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the second close to the bifurcation of the trachea, where the oesophagus lies 
against the aortic arch, and the third at the place where it pierces the diaphragm. 
It is usuaUy flattened from before backwards, so that its lumen appears as 
a transverse slit (see fig. 63) ; but occosioiially, for some little distance above the 
diaphragm, it is rounded with the cavity stellate in form {fig. 64}. 

Birectlon. — Its course is not quite vertical, but has thiee slight curvatures. 
One of these is in the sagittal plane, and corresponds with that of the front of the 
vertebral column as far down as about the seventh thoracic vertebra, where the 
oesophagus usually begins to leave the spine and pass in front of the aorta. Some- 
times, however (as seen in figs. 170 and 171), the descending aorta lies against the 
left side of the vertebral column, and 
the oesophagus continues in close re- 
lation with the bodies of the vertebra 
until the level of the eighth or ninth 
vertebra. The other two curvatures 
are in the coronal plane ; for the 
(esophagus, commencing in the median 
line, incUnes to the left aide as it 
descends to the root of the neck ; 
thence to the fifth thoracic vertebra it 
gradually resumes the median position ; 
and finally, it deviates again to the 
left, at the same time coming forward 
towards the cesophageal opening of 
Tib. 64.— Houzohtil sitmoii or thi (esophagus the diaphragm. After piercing the 
iiro THotioic ioHTA *T m LBTiL OF TH« diaphragm. It tUTOs abruptly toward* 

siHTH TKOBAao yiBTEBBA. (J. Symington.) ^ ». -j ^ - ■ .u . L 

„ . .. _ - ,. - the left aide to lom the stomach. 

1, (BMpluignB; 2, deMonding aorta; a. thonioic mi. ■ 1 

duct; *, rnna, azyg« receiving > tributary from Bslatlons. — The Ooly Cervical 

theieft iido; 5, body of vertabm; 8. pleura: 7, vertebra behind the oesophaffus is 

diaphragm. ^ r ^ 

the seventh ; but as the top of the 
sternum is opposite the upper border of the third thoracic vertebra the cervical 
part of the cesophagus is sometimes considered to be anterior to the last 
cervical and upper two thoracic vertebrte. It is connected with these bones 
and with the longus colli muscle by loose areolar tissue. At first the cesophagus 
lies directly behind the trachea, but, as it descends, it gradually inclines to 
the left, so that it projects to the left of the trachea, and has in front of it the 
left inferior laryngeal nerve, which is ascending on the side of the trachea to the 
larynx. The lateral relations of the upper part of the cervical portion of the 
cesophagus are the lateral lobes of the thyroid body (see fig. 62), the cesophageal 
branches of the inferior thyroid artery, and the inferior laryngeal nerves, with the 
common carotid arteries farther out. On the left side are also found the thoracic 
duct, left subclavian artery, and left pleura. In the thorax, the oesophagus is 
successively covered in front by the lower part of the trachea, by the commence- 
ment of the left bronchus, and by the heart and pericardium and the diaphragm. 
The aorta, except near the diaphragm, where the cesophagus is in front of the vessel, 
lies to the left, and the vena azygoa (major) to the right and behind ; the vagi nerves 
descend in close contact with its aides, and form a plexus around it, the left nerve 
proceeding gradually to the front, and the right nerve retiring behind it. In the 
superior mediastinum the left pleura lies close to its left side, while lower down, 
in the posterior mediastinum, the right pleura is in relation with its right side, 
and often extends inwards slightly behind it. Lastly, just before it pierces 
the diaphragm, the (Esophagus is in contact with both pleurie (fig. 64). The 
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postehor surface of the cesophagus is close to the bodies of the seventh ceivical 
and upper seventh to tenth thoracic vertebiffi, below which it passes to the front of 
the thoracic aorta. In about the mid-thoracic region, the thoracic duct ascends 
obliquely behind it from right to left. 

Od (he right Bide, and near tbe lownr end of the thorncic part of the iBBQpluguB, hmj tome- 
timea tie found a small closed serous sac — the buna infra-cardiaca — vhich represents the 
detached opper part of the recessua pncumo-entcricus dexter (Broman, Die Entunek. der 
Buna Omentalii, 1904). 

STRCCTURES OF THE (EBOPHAOUS. 

The walls of the gullet are composed of three coats : namely — an external or 
muscnlar, a middle or areolar, and an internal oi mucous coat. Outside the 



TharaeU 
Qrrat «plan 



Fm. 60.— V«w or tbe an 

(J. Symington.) 



muscular coat there is a layer of loose areolar tissue with well-marked elastic fibres, 
which facilitate the distension and collapse of the cesophagus. 

The masoalar coat consists of an external longitudinal layer (seen in section in 
fig. 67, 6), and an internal circular layer (c). This twofold arrangement ol the 
muscular fibres prevails throughout the whole length of the alimentary canal ; 
but the two layers are here much thicker, more uniformly disposed, and are more 
evident than in any other part of the digestive tube, except the anal canal. The 
external or longitudinal fibres arise by a flat tendon from the back of the cricoid 
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cartilage * at the prominent ridge between the poaterior orico-arytenoid muscles, 
and its fibres spread out on the gullet as they descend, and soon form a contmuous 
layer around the tube. Those fibres which are going to the back of the (SBophaguB 
wind round the aide and join posteriorly about 2 cm. to 3 cm. below the cricoid 
cartilage, leaving a triangular area on the upper part of the posterior surface of ■ 
the oesophagus, which is almost destitute of longitudinal fibres. Abel describe* 
a corresponding area on the anterior surface of the cesophagua. Only a few of 
the longitudinal fibres join the inferior constrictor muscle. The internal or circuloT 
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* fibres are attached in front to the back of the cricoid cartilage, and partly blend 
with the lowest fibres of the inferior constrictor of the pharynx. The rings 
which they form around the tube have a horizontal direction at its upper and 
lower part, but in the intervening space are slightly oblique. At the lower end, 
both layers of fibres become continuous with those of the stomach. 

The muscular coat of the upper end of the cesophagus is of a well-matked red 
colour, and consists wholly of striped muscular fibres ; these are gradually replaced 
by plain muscular fibres, so that these are almost the only kind found in the lower 
half of the tube. A few striped fibres may, however, be found even at the lower 
end, and in some animals they preponderate throughout the whole length of the 
tube. 

I Biroiinjiluni. 'A Stadf of the .\rHiiKem«ntaf tbe Mngcnlu Fibres of tbeDpperEndof thefSiophigiii.' 
Jour. AnaL and Phgt,. vol. luiii. OctolHT 1888; uid Williamina Abel, ■ The Amugemeiit of the Longi- 
tudinal and Cinular Musculatare of the Upper End of the (Eiophagna,' aid.. voL xlvii., JuIt 1SI3. 



(ESOPHAGUS 



61 



The longitndin&I fibres of the rasophagiu are Bometimea jomed by a broad band of imooth 
muscle passing from the left plenra (m. pleuro-oesophkgaB), and aometimes also bj aootber 
from the left broDchiu (m. bTonoho- oesophagus). According to Cunningham ('Note on tho 
Broncho' (esophageal and Pleuro-isBophageal Muscles,' Joar. Anat. and Phyt., vol. x., 1S76), the' 
former is almost oonstantlf pnsenl, and the latter very frequently. 

The araolnr or ■abmiiooas coat is placed between the muscular and mucous 
coata, and connects them loosely together. It exceeds the mucous membrane 
considerably in thickness, and in it are 
contained the mucous glands (fig. 67, A), 
which open on the mucous membrane. 

The mnoona msmbraue is of firm 
texture, and is paler in colour than that 
of the pharynx or stomach, and the whole 
is covered with a thick, stratified, scaly 
epithelinm. From its loose connexiona, 
its outer surface is freely movable on the 
muscular tunic ; and under ordinary cir- 
cumstances the mucous lining is thrown 
into longitudinal folds oi rugee, which are in 
mutual contact. These folds disappear on 
distension oi the canal. 

The small compound racemose or 
tubnlo-racemose glands, named cesvphagetd 
glandi, which are for the most part seated 
in the submucous tissue, are specially 
numerous at the lower end of the tube. 
A few of the smallest are situated in the 
substance of the mucous membrane. 
The cells of these glands are columnar. 
Their ducts are usually surronnded by 
collections of lymphoid tisane as they pass 
through the mucous membrane- 

The mucous membrane is bounded 
next to the submucous coat by longi- 
tudinally disposed plain muscular fibres, 
which, imperfect above, form a continuous 'y"P^ '"^'t^- ^•.'^"fH 'f**^^' 

, -■1.1 , ( , , *■ "'""X'" 8™>d ; I. gl*nd duct ; «', itiuted 

layer towards the lower end of the tube muHolar Sbna oat acnw, 
(musadaTii mucosa, e). 

aiood-TesaalB, lymphatloB, and nerrss. — The artarlea of the 

oesophagus consist of a series of small vessels derived from the inferior thyroid, 
descending aorta, hfi infertor -phrenic, and left gastric ; these branches anastomose 
together. The Telns pass to the inferior thyroid, azygoa, and coronary of stomach ; 
the submucous veuis at the lower part of the cesophagus form a free communica- 
tion between the portal and systemic veins, and become dilated in cases of 
obstruction to the circulation through the liver. 

The iTinphatlo* form plexuses in the submucous and muscular coats, and, 
after piercing the oesophageal wall, the vessels often run for some little distance 
longitudinally in the peri-cssophageal areolar tissue. The submucous plexus of 
the (esophagus is continuous with that of the pharynx above and the stomach 
below. The lymphatic vessels from the upper third of the oesophagus pass to the 
deep cervical and paratracheal glands, from the middle third to the bronchial 
and posterior mediastinal, and from the lower third to the cardiac. A small amount 
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of Ijouphoid tissue is present in the walls of the oesophagus, especially in the 
neighbourhood of the mucoTis glands. The nerves are derived from the inferior 
laryngeals, vagi, and sjonpathetic. The nerves form a gangliated plexus 
between the two layers of the muscular coat and also in the submucous coat. 

Variations aooordiner to aere. — At birth, the oesophagus is about 10 cm. 
long, and will admit of the passage of a catheter 5 mm. in diameter, while the 
distance from the alveolar border of the jaw to the cardia is about 17*5 cm. 
The oesophagus becomes gradually relatively shorter in relation to the vertebral 
column between birth and the twentieth year. This shortening is associated 
with the descent of the pharynx, and affects especially the cervical part of the 
oesophagus. The caudal end probably tends to sink in old age. 

Varieties. — ^The upper part of the oesophagus, as a rare malformation, communicates with 
the trachea by a congenital fistula due to an arrest of the deyelopmental process by which this 
part of the foregut becomes divided into an alimentary and a respiratory tube. This condition 
may be associated with an atresia of the upper end of the oesophagus. Diverticula occasionally 
occur, especially on the posterior wall, and the oBSophagus may become considerably dilated 
just above the place where it pierces the diaphragm. When the heart is small and the lungs 
emphysematous, the mediastinal portion of the oesophagus may be displaced forwards and lie 
in a posterior mediastinal mesentery (see A. Keith, Lancet, March 7, 1903, and J. S. Dickey, 
Applied Anatomy of the Lungs and Pleural Membranes, 1911). According to Schaffer,* patches of 
the mucous membrane of the upper part of the oesophagus are frequently found, which resemble 
in structure the cardiac part of the stomach. An abnormal right subclavian artery may pass 
from left to right behind the oesophagus. 

THE ABDOMEN AND PELVIS. 

The portion of the digestive canal, situated beneath the diaphragm and con- 
sisting of the stomach and intestine, occupies, together with the liver and pancreas, 
the greater part of the abdomino-pelvic cavity. As this cavity also contains the 
spleen, the suprarenal glands, and the greater part of the genifco-urinary organs — 
structures which have still to be described — it will be convenient at this stage to 
consider the external form of the abdomen and pelvis, the shape of their cavities, 
and the constitution of their walls. 

ABDOMINO-PELVIC WALLS. 

The abdomen and pelvis do not present definite external landmarks separating 
them from the thorax above and the inferior extremities below, as the skeletal 
walls of the thorax reach considerably below the level of the diaphragm, which 
divides the thoracic from the abdominal cavity, and niunerous muscles belonging 
to the lower limbs arise from the superficial surface of the pelvic walL Further, 
owing to the extension upwards of the ossa ilia on the lateral and dorsal aspects 
to a much greater height than the lower part of the abdominal cavity, the 
upper part of the gluteal, and other muscles of the lower limb, arising from the 
ilia, overlap the abdominal cavity. In the interval between the thoracic and 
pelvic walls, there is an area formed of muscular and connective tissue and devoid 
of any osseous support, except posteriorly, where the lumbar part of the 
vertebral colunm is foimd. Viewed from the front, this area is of large size, and 
it owes its somewhat diamond-shaped outline to the thoracic wall extending 
much farther downwards at the sides than in front and to a corresponding siscent 
of the lateral pelvic walL In this area is situated the anterior abdominal wall 
proper, which varies considerably in shape and appearance according to the 
degree of its protrusion or retraction, the amount of subcutaneous fat, and the 
extent of its muscular development. 

1 < Die oberen kardialen CEsophagosdruseD und ihre Entatehung,* Arch. /. path. Anatomiet Bd. 177» 1904. 
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A teDdicous interval, known as the linea alba, extends in the median line from 
the sternum to the pubes, between the two recti muscles of the abdomen. The 
position of the linea alba may be marked in the living body by a furrow from 
the sternum to the umbilicus ; below this, the groove becomes indistinct owing to 
the close approximation of the two recti muscles and the larger amount of fat in the 
lower part of the abdominal wall At the upper end of the linea alba, the lower 
end of the body of the sternum can be felt between the sternal ends of the seventh 
costal cartilages. This point is at the level of the tenth thoracic vertebra ; the 
ensiform process, which projects below it, may reach to the disk between the 
eleventh and twelfth thoracic vertebree. The average position of the umbilicus 
is opposite the fourth lumbar vertebra, and the top of the pubic symphysis is at 
the level of the first or second piece of the coccyx. 

The two recti muscles form prominences which are broader above than below, 
and are marked by three transverse grooves corresponding to the tendinous inter- 
sections (linesB transverssB) of these muscles. The outer border of each rectus 
muscle is indicated by a depression called the linea semilunaris, which joins the 
thoracic wall opposite the eighth costal cartilage. 

Between the semilunar lines in front and the depressions external to the ereotores 
spinsB behind,the abdominal wall is formed on each side mainly by the three muscular 
sheets, known as the external oblique, internal oblique, and the transverse muscles 
of the abdomen. This part of the trunk is usually slightly constricted, and forms 
the waist. The vertical extent of the non-skeletal part of the abdominal wall is 
least on each side between the tenth or eleventh costal cartilages above and the 
iliac crest below ; and here, as a rule, it corresponds to the level of the bodies of 
the third and fourth lumbar vertebrae. 

Posteriorly, the lumbar vertebrsB, with the erector spin®, quadratus lumborum, 
and psoas muscles on each side, form a broad thick mass, which effectually prevents 
any palpation of the abdominal organs or direct surgical access to the abdominal 
cavity within a region bounded by the lateral borders of the two erectores spinae. 

ABDOMINO.PELVIC CAVITr. 

The abdomino-pelvic cavity is a large' space, bounded by walls composed of 
muscular and connective tissue, and supported in certain situations by osseous ele- 
ments. The cavity contains the abdomino-pelvic viscera, niunerous blood-vessels, 
and a large serous sac known as the peritoneum. A layer of connective tissue, 
often infiltrated with fat, and, except in some places, a layer of parietal peritoneum, 
intervenes between the muscular wall and the contents of the cavity. The cavity is 
subdivided into two parts : an upper or larger part, the abdomen properly so called 
{cavum abdominis), and a lower or pelvic portion (cavum pelvis) ; the junction 
between these two divisions being marked circumferentially by the brim of the 
true pelvis. As the space below the plane of this brim is bounded to a large extent 
by rigid bony walls, whUe that above it readily admits of distension, the distinction 
between the two cavities is of great importance in connexion with the mechanism 
of pregnancy and child-birth. On the other hand, owing to the marked obliquity of 
the pelvis, by far the greater part of the pelvic cavity is situated above a horizontal 
plane corresponding to the top of the pubic symphysis, and is boimded in front by 
the anterior abdominal wall ; so that for physical examination and operative work, 
a division of the abdomino-pelvic cavity into an abdominal and a pelvic portion 
is largely a theoretical one. Further, these two cavities communicate freely with 
one another ; they have a conmion peritoneal space, and certain parts of the 
alimentary canal pass with facility from one to the other, while the bladder and 
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uterus may extend upwards into the abdomen. Foi these reasons, we will consider 
the two Bpaces together. 
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As the waUe of the abdomino-pelvio cavity vary greatly in thickness and in 
the extent to which they yield to changes in intra-abdominal presBuie, the external 
form of tbe abdomen aSords a very imperfect indication of the shape of its cavity. 
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The form of the abdommo-pelTic cavity may be demonstrated by serial sections 
in difieTent planes ; by hardening the contained viscera in lilu and fixing them 
together atter removal of the abdominal wall ; or by taking moulds of the parietal 
surfaces of the viscera exposed over limited areas and making a cast from the 
varioos moulds. By the two last -mentioned methods we obtain preparations 
which are equivalent to casts of the cavity. 

Sbape llln>trftt«d by ■«ri&l aeotlons. — An examination of a series of 
horizontal sections (see figs. 68 and 68a) will show that towards the upper part of 

1 1 
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the abdomen (2 and 3 of fig. 68) the cavity is kidney-shaped with the long axis trans- 
verse. The hilum, formed by the forward projection of the vertebral bodies, covered 
by the diaphragm, separates two deep hollows. The outline of the cavity becomes 
gradually modified from this level down to the last lumbar vertebra, owing 
mainly to the appearance and gradual increase of the psoas muscles, which lie one 
on each side of the bodies of the lumbar vertebrte. The mass projecting forwards 
towards the abdominal cavity, opposite the fourth and fifth lumbar vertebrte 
(7 and 8 of fig. 66), is fully double the breadth of that at the first lumbar. This 
increase tends to diminish the size of the abdominal cavity, and malieB its outline 
somewhat crescentic. At the fifth lumbar (8 of fig. 68), the psoas muscles begin 
to pass laterally from the body of the vertebra ; their separation from the 
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vertebral columa is still more marked at the disk between the fifth lumbar and 
firat sacial; while, opposite the upper part of the sacrum (11 of fig. 68a), they form 
with the iliac muscles the lateral walls of a lecess bounded behind by the 
sacrum. From this level, downwards, the cavity rapidly alters in shape, its 
transverse diameter diminishing owing to the disappearance of the iliac fossie, 
and the antero-poaterior diameter increasing in consequence of the backward 
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slope of the sacrum. Below the level of the top of the pubic s3Taphysis, the pelvic 
cavity becomes distinctly funnel-shaped, with the narrow end at the pelvic floor. 
The posterior wall of the abdomen, and the boundaries of the pelvic cavity, 
being formed of bones and powerful muscles, do not yield to any appreciable extent 
to increased intra-abdominal pressure. On the other hand, the anterior abdominal 
wall being much thinner and almost destitute of any bony support, may be retracted 
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BO as nearly to touch the front ol the vertebral column or pushed forwards so as 
to become separated from it by a considerable interval (see fig. 70). 

The four sagittal sections in figs. 69 and 69a illustrate the great vertical extent 
of the abdomino-pelvic cavity, as compared with its antero-posterior diameter, in 
a subject in which the anterior abdominal wall is slightly retracted between the 
sternum above itnd the pubes below. In this case, the cavity extends upwards in the 
median plane (A) to the level of the disk between the tenth and eleventh thoracic 
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vertebrse, and downwards shghtly beyond a line uniting the lower border of the 
pubic symphyaia with the tip of the coccyx — a distance of 42 cm., while the median 
sagittal diameter is only 3 cm. at the umbilicus, 7 cm- opposite the twelfth thoracic 
vertebra, and has its maximum o£ 12 cm. at the level of the lower part of the sacrum. 
In section B, which is 3'5 cm. to the left of the median plane, the posterior abdominal 
wall is divided lateral to the bodies of the lumbar vertebne, but through all their 
transverse processes. The^ cavity here has an hour-glass form somewhat similar 
to that in the median plane. The constriction of the cavity opposite the region 
of the umbilicus is due to the psoas muscle. Section C passes through the left 
lateral plane of the abdomen, which is 6 cm. from the median plane. The cavity 
is here triangular in outline, with its convex base above, and has a nearly veiticEil 
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anterior wall, and a posterior bonndary, sloping obliquely from above downwards 
and forwards to meet the anterior wall at an acute angle a little above the inguinal 
(Poupart's) ligament. In this section, the part of the cavity above the upper 
transveiae abdominal plane of Addison (tp in fig. 69) hes under cover of the 
thoracic wall, reaching to the level of the fifth costal cartilage io front and the 
lower border of the tenth rib behind. It is in this plane that the upper part 
of the abdominal cavity attains its maximum antero-posterior diameter, which 
here measured 13 cm. In section D, which passes through the nipple and about 
2'5 cm. on tiie median side of the anterior saperior iliac epine, the abdominal cavity 
presents the same general shape as in section C, but is smaller. The iliac fossa 
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is divided lateral to the psoas muscle and in front of the iliacos muscle. The 
section shows what a small antero-posterior diameter the abdominal cavity may 
have in this region. 

We have already seen from two horizontal sections (fig. TO) that the abdominal 
cavity may be increased hyaprotiuslon of the anterior abdominal wall; this increase 
is still more strikingly illustrated by a comparison of two median sagittal sections 
(see fig. 71), from which it may be seen that the lower part of the chest wall is also 
pushed forwards when the abdomen is distended. 

The shape of the abdomino-pelvic cavity in a coronal section, passing anterior 
to the vertebral column, is shown in fig. 72. It illustrates the vaulted character 
of the loof, the degree to which the abdominal cavity extends upwards internal 
to the ribs, the comparatively narrow area at the sides between the ribs and the 
ilia, and the way in which the transverse diameter of the lower part of the abdomen 
is diminished by the ilio-psoas muscles. 

Sbapa llla*trat«d from oontcnts. — The general form of the abdonuno- 
pelvic cavity is well shown in specimens or casts of its whole contents (see figs. 73 
to 75). The upper and larger portion of the mass occupying the abdomino- 
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pelvic cavitj has ita longest axis vertical, and under ordinary conditions its 
transverse diameter considerably exceeds its anteio- posterior. Its outline, viewed 
from the front or the back, is iiregulaily quadrilateral, with sometimes a alight 
constriction about its middle ; while seen from the right or left lateral aspects, it 
presents a triangular contour with the apes downwards. Continuous with the 
upper part of the contents mass is a lower and smaller portion which, viewed 
from the front or back, has a triangular outline with a blunt apex below, and 
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from the sides is seen to be directed backwards and downwards, so that its axis 
forms an angle of about 60° with that of the upper portion of the mass. 

The upper end of the mass is convex and closely applied to the concave under- 
surface of the diaphragm, and it must of necessity vary in form with the respiratory 
movements of this muscle. The anterior aspect may be concave, flat, or convex, 
according to the degree of retraction or protrusion of the anterior abdominal 
walL The posterior aspect of the mass has a more constant and characteristic 
appearance than the anterior. A deep median groove extends from above down- 
WEuds as far as the junction of the upper and lower portions of the abdomino-pelvic 
cavity, where it becomes continuous with a surface which is convex from above 
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downwatds and £roia side to eide. The median groove bio&dens, and becomes 
shallower, as it descenda aad divides below iuto two lateral depressions, passing 
downwards and outwards. Median to these lateral grooves, the abdominal and 
pelvic contents become continuous with one another. On each side of the median 



On? -third natunl >i 



groove, the abdominal mass presents a well-marked eminence, which is convex from 
side to side, but diminishes in breadth and prominence from above downwards. 
The average capacity of the abdomino-pelvic cavity • in three adult males was 
a little over 6,000 c.c, and about two-thirds of this space was situated above the 
level of the umbilicus. The most capacious part of the abdomen is opposite the 
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lowest thoracic and upper two lumbar vertebrie. A diminntion in the capacity of 
the abdominal contents of an individual is associated with a retraction of the 
anterior abdominal wall, and an increase with a protrusion. This wall yields 
most readily in the region of the umbilicus, which is, therefore, the seat of 



One-thitd oatanl liie. (J. Symington. ) 

the maximum retraction or protrusion. If the protrusion is marked and associated 
with a lax condition of the abdominal wall, the anterior wall hangs down, forming 
the so-called pendnlons belly. Additional space for the abdominal contents may 
also be obtained by an elevation of the lower part of the thoracic wall and the 
diaphragm, and a bulging outwards of the lateral walls. 
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PERITONEUM. 



The peritoneum or serous membrane of the abdominal cavity is by far the 
most extensive and complicated of the serous membranes. It is derived from the 
intra-embryonic coelom — a cavity formed by the splitting of the ventral laminm 
of the mesoblast into the somato-pleure and splanchno-pleure layers. By the fusion 
of the somato-pleure layers on the ventral aspect of the body wall, the cavity becomes 
shut o£E from the extra-embryonic coelom. In the male, it forms a clpsed sac ; but in 
the female each of the two oviducts (tubse uterinse) communicates with the cavity 
by a small aperture (ostium abdominale). The inner surface of the sac becomes 
lined by a layer of flat cells, called endothelium, which makes it very smooth. The 
cavity contains a small quantity of fluid, which serves to lubricate its interior, and 
thus to facilitate the movements of the opposing surfaces of the membrane upon one 
another. Outside the endothelium, the peritoneal wall is composed of connective 
tissue in which its blood-vessels, &c., lie, and which connects it with adjacent 
structures. Various organs are developed in the tissues between the abdominal wall 
and the lining membrane of the peritoneal cavity, mainly on the dorsal aspect. 
Where such organs exist, they must separate the peritoneum from the abdominal 
wall and become covered by it (visceral peritoneum), while, in other situations, the 
peritoneum remains closely related to the abdominal wall (parietal peritoneum). 
An organ may grow away from the abdominal wall towards the peritoneal cavity, 
and expand more rapidly than the tissues uniting it with the abdominal wall, so 
that a fold is formed, having a more or less linear attachment to the abdominal 
wall and to the organ. This fold consists of two layers of peritoneum, with blood- 
vessels, &c., embedded in connective-tissue between them. Such a structure, uniting 
the alimentary canal to the posterior abdominal wall, forms its mesentery. As the 
canal becomes difierentiated, the mesentery is given names indicating the difierent 
parts of the canal to which it is attached — such as meso-gastrium, meso-appendix, 
and meso-colon ; while the term mesentery {mesenterium commune) is retained for 
the fold connected with the jejimo-ilemn of the small intestine. Folds imiting 
abdominal or pelvic organs, other than the alimentary canal, with the abdominal 
or pelvic walls are commonly termed ligaments, hence the ligaments of the liver, 
bladder, uterus, &c. 

The stomach and the adjacent portion of the duodenum are united in the 
embryo by peritoneum with the ventral as well as the dorsal portion of the abdominal 
wall, so that there is a ventral in addition to a dorsal meso-gastrium. In the ventral 
meso-gastrium the liver is developed, and in the dorsal the pancreas and spleen. 
The part of the ventral meso-gastrium which remains to unite the stomach and liver, 
and of the dorsal meso-gastrium to connect the stomach and the spleen, are called 
the small omentum and the gastro-splenic omentum, respectively. A fold which 
joins the stomach and transverse colon with one another is called the great omentum. 
As all the three omenta are connected with the stomach, an omentum is some- 
times defined as a fold of the peritoneum imiting the stomach with some other 
abdominal organ. In the Basle 'Nomina anatomica/ generally known as the 
* B.N. A.,' only two omenta are recognised: namely — the small and great ; and the 
gastro-splenic omentum is called ligamentum gastro-lienale. The term jjlica is used 
in the ' BJ^.A.' for a fold passing from the stomach to the pancreas (plica 
gastro-pancreatica), and ligameni for one going from the diaphragm to the colon 
{ligamentum phrenicocolicum). Further, it speaks of a mesorchium or mesentery 
of the testicle ; while the broad ligament of the uterus is divided into the meso- 
metrium, mesosalpinx, and mesovarium, or mesenteries of the uterus, uterine 
tube, and ovary. 
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Owing to the different abdominal organs growing at very unequal rates, their 
mutual position becomes altered from the primitive one ; again, certain parts 
of the peritoneal cavity may become obliterated by fusion of the opposing 
surfaces, or the cavity may extend so as to separate organs from one 
another or from the abdominal wall, which were formerly in direct contact. 
In consequence of such changes, the peritoneal cavity becomes very com- 
plicated ; but with the exception of the serous covering of the testicles, the 
peritoneum normally remains a single continuous membrane. In descriptive 
anatomy, the peritoneal cavity is often described as forming two sacs — the 
greater and the lesser ; but these are continuous with one another by a con- 
stricted aperture. 

The relations of the peritoneum to each abdominal organ will be given with 
its descriptive anatomy, and a further general account of the peritoneum will be 
deferred until all the abdominal viscera have been described. 



DELIMITATION OF THE ABDOMEN. 

On account of the large size of the abdomen and the numerous organs 
contained within it, anatomists have generally recognised the necessity — 
in topographical descriptions and clinical observations — of its subdivision ; 
but they are by no means agreed as to the plan by which this can be 
best attained.^ 

The surface of the abdomen for practical purposes may be regarded as bilaterally 
symmetrical, and the anterior and posterior median lines can readily be determined, 
so that a division into right and left halves presents no difficulty. The umbilicus 
forms a well-defined landmark on the front of the abdomen, and it is often at the 
same level as a transverse line on the back, uniting the highest parts of the two iliac 
crests. By dividing the abdomen horizontally at the umbilicus, and combining 
this division with that through the median sagittal plane, we have four regions 
mapped out. While this method presents the obvious advantage of simplicity, 
the four areas are too large to be of practical use in defining the position of many 
of the abdominal organs. Further, it has been shown ^ that the range of variation 
of the length, from the supra-sternal notch to the umbilicus, as compared with the 
length from the notch to the pubic symphysis, is from slightly over three-fourths 
to less than two-thirds. As the average distance from the supra-sternal notch 
to the pubic symphysis is about 52 cm., the range of variation is equal to 8 cm., 
or more than the depth of two lumbar vertebrae. Addison, in forty adults, found 
that the maximum variation in relation to the highest part of the iliac crests 
was 5*5 cm. 

A method, which has the sanction of antiquity, and which is generally adopted in 
this country, is that of mapping out nine regions by two horizontal and two lateral 
sagittal planes (fig. 76). Since the three median areas admit of a division into 
right and left portions, this plan offers a sufficiently minute subdivision for all 
practical purposes. The genera 1 principle determining the selection of the horizontal 

1 (a) William Anderson, ' A Plea for Uniformity in the Delimitation of the Regions of the Abdomen/ 
Jour. Anat. and Phya.y voi xxxvL, 1892. 

(6) D. J. Cunningham, * Delimitation of Regions of the Abdomen,* Jour, Anat, and Phys,, vol. zzvii, 
1893. 

(c) A. Thomson, ' The Topographical Anatomy of the Abdomen,* Brit. Medical Jour., voL ii., 1895. 

(d) F. Merkel, * Topographische Anatomic. Bauch,' Ergebnisse der Anatomie, Bd. v., 1896. 

(e) C. Addison, * On the Topogranhical Anatomy of Abdominal Viscera in Man,' Jour. AntU. and PAy«., 
vols, xxxiii, Julv 1899; xxxiv., July 1900; and xxxv., April 1901. 

' Majorie M. Johnson, * A Study in Surface Anatomy, w ith Special Reference to the Position of the 
Umbilicus,' The Anatomical Record, vol. v., 1911. 
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planes is that the upper one should correspond to the lowest limit of the thoracic 
wall, and the lower to the highest part ot the pelvic wall. Certain difficulties 
attend a too rigid application of this principle : the main one being that the zone 
between the two horizontal lines is too narrow, or may even disappear, owing to 
the lower ribs reaching as far down as the level of the iliac crests. Cunningham 
proposed certain modifications of these principles. He made the upper or subcostal 
plane at the level of the lowest part of the tenth costal cartilages, and the lower 
or intertubercular plane opposite the prominent tubercle on the iliac crests, about 
5 cm. from the anterior superior iliac spines. Three horizontal zones were thus 
marked on the abdomen : termed, from above downwards, costal, umbilical, and 
hypogastric. Not infrequently, the eleventh rib forms the lowest part of the thoracic 
wall ; but it is variable in length, and not so easily seen as the lowest part of the 
tenth costal cartilages. The selection of the highest part of the iliac crests as the 
lower horizontal plane would have the advantage 
of including the whole of the two iliac fossae in 
the hypogastric zone ; but, as these crests some- 
times reach a little higher than the umbilicus, 
the middle or umbilical zone might be entirely 
above the umbilicus. The intertubercular plane of 
Cunningham seems a reasonable compromise be- 
tween the top of the iliac crests and the anterior 
superior iliac spines, and it corresponds to the 
highest part of the iliac crest visible from the 
front. 

The two lateral lines are sometimes made by 
drawing a vertical line upwards from a point 
over the middle of the inguinal ligament; but 
the mid-point of a horizontal line uniting the 
anterior superior iliac spine and the median line 
is more easily ascertained. The mid-inguinal 
point is farther out than one midway between the 
anterior superior iliac spine and the median line ; 
and in some individuals with a narrow waist, 
only a very small portion of the abdominal cavity 
lies lateral to a vertical line prolonged upwards 
from that point. The nine regions thus marked 
out are named in the costal zone, the right and left hypochondriac and epigastric ; 
in the umbilical zone, the right and left lumbar and umbilical ; and in the hjij^o- 
gastric zone, the right and left iliacs and the hypogastric. 

The three zones are of unequal breadth. Cunningham found the average vertical 
extent in the middle line was 6 inches for the costal zone, 2*7 inches for the umbilical, 
and 5 inches for the hypogastric. He fixed the upper limit of the costal zone 
at the lower border of the body of the sternum, and the lower limit of the hypogastric 
at the upper border of the pubic symphysis. The fact that the umbilical zone 
is only about half the breadth of the other two and that, with the exception of the 
ascending and descending colon and the lower ends of the kidneys, its contents 
include the most movable parts of the alimentary canal — namely, the lower portion 
of the stomach, the transverse colon, and the convolutions of the jejuno-ileimi — 
render it of but little use in mapping out the position of the abdominal organs. 
The epigastric, umbilical, and hypogastric divisions are much larger than their 
associated lateral areas ; but this is not a serious objection, as each one is divisible 
into right and left portions. 




Fig. 76. — Outldie of the fboht of the 
abdomen showing the division 
INTO BEOION8. (Jooee Quain.) 

1, Epigastric regioD ; 2, umbilical 
3, hypogastric ; 4, 4, right and left 
hypochondriac ; 5, 5» right and left 
lumbar ; 6, 6, right and left iliac. 



Uypoohmdriao, right . . 
Hypootoadruui, left . . . 



76 DIGESTIVE SYSTEM 

The viscera, which are contained in the several legionB, aie shown in the following 
table, modified from one by G. D. Thane and E. J. Godlee : — 

/ The greater put or the vrboie of the left lobe, and psrt of the 

I right lobe of the liver, with the g&lI-bUdder, part of the atomach, 

£piga«tdc region ...... -j inDloding both orifloes, the Gnt and second parts of the duodenum, 

the dnodeDo-jejonal flexure, the p«iioreaa, npper or inner end of tbe 
V spleen, parts id the kidneys, and the saprannal glands. 

(The greater part of the right lobe at the liver, the hepatio flexure 
of the otJon. and part of the right kidney. 
/ Fart of the stomaoh, with the greater portitKi of the spleen and 
J the t«il of the pauoroas, the spboio flexure of the colon, part of tbe 
I left kidoey, and sometimes a port of the left lobe of tbe liver. 

The greater part (4 the transverse ooton, the third part of Uie 
duodenum, some convolotiooB of the jejonnm and ileum, with 
portitHis of the mesentery and great omentum, part of the right 
or sometimes of both kidneys, and the nreters. 

The asoending colon, part of the right kidney, and sometimes 
part of the ileum. 

The desoending colon, part of the jejunum, and sometimes a small 
part of the left kidney. 

Tbe convolutions of the ileum, tbe ureters, the bladder, and 
ntems in children ; the upper part of the bladder and of the utcnu 
in adulte; the ovaries, and behind, tbe pelvic colon and upper part 
of the rectum, 

The c»:um with the vermiform appendix, and the termination of 
the ileum. 

The iliac colon, convolutions of the jejunum and ileum. 



Lumbar, right . 
Lumbar, left 



niao, right . . 
Dim, left . 



Foi all practical purposes, it is impossible to distinguish the contents of the 
hypogastric region above the oblique plane of the pelvic brim from tiiose below that 
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plane,andthereforethosepelvic viscera that lie above the level of the upper border 
of the pubic symphysis are included in this region. The lower end of tbe bladder, 
the prostate, and seminal vesicles, the lower end of the uterus and the vagina, and 
the lower part of the rectum are situated posterior to the anterior wall of the bony 
pelvis. 
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C. Addison has devised a method of dividing both the thotaz and abdomen into 
legions, which is independent of the variability' in depth of the lover thoracic wall, 
and places the horizontal demarcation planes at equal distances from one another, A 
median line is drawn from the aupra-stemol notch to the top of the pubic symphj'HiB, 
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aud across this three transverse lines : one at the middle of its length — the wpper 
tranaverse dbdominal line ; another midway between this line and the pubic symphysis 
— the lower trawverae abdominal lin« ; and the third across the thorax midway 
between the upper transverse abdominal line, and the supra-sternal notch — the 
traiuverse thoracic line. Addison found the average length of the median line, in 
forty adult subjects, was 52 cm.— this gives a vertical extent of 13 cm, for each 
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horizontal zone. These horizontal lines are the anterior edges of horizontal 
planes passing through the trunk. 

The lower transverse abdominal line closely corresponds to the level of the 
intertuberculai line of Cunningham, and the hypogastric zone below it is practically 
identical with that of Cunningham's. The upper transverse abdominal line is 
higher than Cunningham's subcostal line, and divides the vertebral column, as a 



L V19CIIU. (C Addison.) 
EF. uppor tranarersB abdominil Uqq ; CD, lower tntruverao abdommal iine ; M, madiui Una ; right 
and left lateral linea pus downwsrdi from between numberB B and 7 at top of diagnnn. In addition 

rule, at the disk between the first and second lumbar vertebrte and the antenor 
thoracic wall near the tip of the ninth costal cartilage. The space between the 
upper and lower transverse abdominal lines may be termed the umbilical zone, 
it differs from the umbilical zone of Cunningham in its greater breadth owing to 
the higher position of its upper boundary. 
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The subcostal zone, situated between the upper transverse abdomioal and the 
transverse thoracic lines, includes portions oi both the thoracic and abdominal 
cavities. The larger part belongs to the abdomen, as the vault of the diaphragm 
crosses the trunk a little above the junction of the middle and upper thirds of the 
subcostal zone. 

The three vertical lines—right and left lateral and median — are similar to 



to these hum, Uie whole area o( the abdomea wu lubdiTided inio square eeatimetruB reduoed va Ggurp 
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fig. 81. 

those already described in connexion with the account of Cunningham's 
diviaions of the abdomen, and the same names may be applied to the four 
regions of each zone. 

The average position o£ the principal abdominal organs in relation to Addison's 
lines and areas is shown in figs. 80 and 81. From this it will be seen that a section 
through the upper transverse abdominal plane (E, F, in figs. 80 and 81) would 
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divide the lower part of the stomach, the pylorus, the upper part of the duodenum, 
left end of traoBverse colon, the splenic fiexure of the colon, the liver, the gall- 
bladder, the pancreas, the spleen, and both kidneys. As Addison found, in a 
considerable majority of the forty cases he examined, that the pylorus was either 
in this plane oi close to It, he proposed to name it the transpyloric plane. 

A table is appended, showing the contents of the different regions of the sub- 
costal and umbilical zones of Addison. Since the hypogastric zone is practically 
identical mtii that of Conningham's (see p. 75), the list of viscera contained in it 
is not repeated here. 
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Table giving the average position of the abdominal organs in relation to Addison's 
areas : — 

SUBCOSTU. ZOKE. 

/ Smftll put of left lobe of liver, part of the right lobe of the 
liver, port of gall-blader, upper and inner part of right kidney, 
right saprorenal gland, upper port of pjlomf, and Bonetimes 
adjacent portion of Btomach, neck and upper part of head of pancreas, 
&tet and aammencemont of second part of duodenum. 

Oreat«r part of left lobe of liver, cardiac orifice, and adjacent 
portion of stomach ; body of pancreas, left mprareual gland, npper 
part of spleen, npper and median part of left kidlney. 

Part of right lobe of liver, part of gall-bladder, lateral and upper 
part of right kidney. 
I Left part of fundus and body of stomach, left extramity of 
. \ left lobe of liver, greater part of the spleen, tail of pancreas, splenic 
I flexure of colon, lateral and upper part of left kidney. 

n-mitTifHT. Zoin. 
/ Lower part of pylorus and adjacent portion of stomach, p&rt 
I of right lobe of liver, part of gall-bladder, second part of duodenum. 
I part of transveise colon, part of jejuno-ileum, head of psncraas, 
' median and lower part of right kidney, right ureter. 

! Lower part of stomach, pcut of transverse colon, median and 
k>wer part of left kidney, left ureter, terminal portion of dnodeuuin 
and part of jejunum. 



Epigastric, right 

Epigastric, left 

Hypochondriac, right.. 
Hypochondriac, left . . . 
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(Lower part of right lobe of liver, put of gall-bladder, lower 
and outer part of right kidney, outer port of second portion of 
dnodenum, ascending colon, hepatic flexure and part of tnuiaverse 

I Lower end of spleen, outer and bwer part of left kidney, part of 

Lumbar, left J traniverae cobn, lower part of de«cending colon and upper part of 

I iliac colon, jejunum. 
The poBJtioa and relations of the abdomino -pelvic organs and the structure 
of the abdomitial wall are illustrat«d in a series of horizontal sections of a man 
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aged fifty (see figs. 77 to 86), and the levels of these sections in relation to the 
skeleton are shown in fig. 87. All these figures aie one-third natural size. 

VENTRICULUS. 

The stomach (ventriculiis or gatler) is a dilated portion of the aUmentary canal, 

situated between the termination of the oesophagus and the commencemeut of the 

small intestine. It forms a somewhat cylindrical tube bent like the capital letter J 

(fig. 88). The upper blind extremity is known as the fundus. From this the 

VOL. n. FAST II. 
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larger part of the stomach psieaes downwards, forming the body or, with the fimdua, 
the cardiac portion, and then, turning upwards and to the right, the pyloric part of 
the stomach. The fundus lies farther back than the lower end, and, viewed from 
the left side, the stomach is seen to slope obliquely downwards and forwards, while 
the axis of the main stem, as seen from the front, may be vertical, but frequently 



FiEOT 3*aiiL vEHTKBua ABB IBB OTfBE aoBri.at Of SUB 9, ON HO. 87, {P. T. Ctymble.) 

inclines somewhat to the right as it descends. Of its two openings, the one, by 
which food enters from the (esophagus, is situated to the right of the fundus, and is 
named the cariiac orifice ; the other, by which it pafises into the duodenum, and 
which is placed on a lower level and more forwards and to the right, is the pyloric 
orifice. The stomach has two surfaces, called anterior and posterior; and two 
borders, termed the great and small (greater and lesser) curvatures (figs. 88, 91). 
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Sxamlnatlon by X-rarr> and in tbe oadaver. — Our knowledge of the 
form, position, and movements of the stomach has been rendered much more exact 
by the examination of this organ in the living body after the administration of food 
containing bismuth— a method introduced by Rieder,^ Compounds of bismuth 
being opaque to the X-rays, a shadow of the stomach contents after a meal of this 
kind can be thrown upon a photographic plate or a fluorescent screen ; or by a 

rmea beim lebanden Ueiuchen.' Mtncliai Mii. 



series of skiagrams, taken at regular intervals, a Tepresentation of the movements 
of the stomach during a definite period can be obtained. Such a seriee constitutes 
a Roentgen -kinematograph. 



i 
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tranarene BbdoDiiiul lin* ; I.T., intertiibercuUr or lower Irgiuverao BbdominiJ line. The thrw veitical 
linM on figure are the median and the right and left lateral. 

The person to be examined is given a meal of about 400 gnns., which is 
sufficient to fill the stomach. The meal consists of 350 grms- of porridge or 
other soft food mixed with 50 grms. of carbonate or oxychloride of bismuth. 
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In the standing position, the first bolus which eaters the stomach can be seen, 
from the dark sLadow on the screen, to lie first juat below a clear area at the fundus 
and then to descend slowly to the lower or caudal pole. The succeeding boll pass 
down rather quicker, and when all the meal is taken the whole stomach is occupied 






Flo. 88.— View oi 



urol ■ice. (J. Symingtoo.) 



by food, except the upper pole, where a quantity ot gas has accumulated. The 
stomach does not act aa a flaccid bag, allowing all the food to sink to the lowest 
part o£ the stomach, but is contracted on its contents, and maintains a cylindrical 
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M, (lotted line, repretenta the mediaD plane. Tho X 
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q, greater ourratare ; b, lea 
oarrktuie ; c. fundiu ; d, antn 
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form. From observations on a large number of healthy persons, Groedel ' found the 
average height of the stomach from the fundus to the caudal pole to be 20 cm. 
in males and 22 cm. in females, and the height of the pylorus above the caudal 

> ' AtlM uod GniDdriu dar RoDtgendiagnoatik in dor ionereD Hediziu,' Jf uiuAoi. 1909. 
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pole 8*5 cm. in males and 8 cm. in females, while the greatest breadth of the stomach 
was 9*5 cm. in both sexes, the last-mentioned measurement being at the bend of 
the tube and therefore about double the straight portion of the tube. When a 
double meal (800 grms.) is taken, the length ot the stomach remains practically 
the same, but its breadth is increased. 

A normal stomach containing a moderate meal reaches, when the person is 
standing, somewhat below the umbilicus (see fig. 91). By voluntary contraction 
of the muscles of the anterior abdominal wall, or by pressure applied over the 
umbilical region of the abdomen, the lower limit of the stomach can be raised from 




Fio. 9L — Shapb astd PosmoK or stomach dubikg uwe, modbbately distended wtth a bismxtth meal. 

(A. F. Hertz.) 

o, oesophagus ; r, fuDdns containing gas ; u, umbilicus. 



5 cm. to 13 cm. (Hertz), but returns to its former position when the muscles relax 
or the pressure is removed. An elevation of the lower part of the stomach also 
occurs when the person assimies the recumbent position. 

Although the position of the stomach in the cadaver sometimes closely resembles 
that observed during life, yet, as a rule, its lower border is at a distinctly higher 
level, and the entire organ is often found with its anterior and posterior surfaces 
looking to a considerable extent upwards and downwards, so that some anatomists 
have described the normal position of the stomach as horizontal. C. Addison ^ 
found the average level of the lowest part of the great curvature of the stomach 
in the cadaver to be about 7*5 cm. above the imibilicus (see fig. 80), and these results 
are confirmed by the series of reconstructions made by P. Porter.^ Groedel,^ and 
other radiographers, agree that, after a bismuth meal and with the patient standing, 

I < On the Topographical Anatomy of Abdominal Viscera in Man,* Jour. Anat. and Phya., voL xxxiiL, 
July 189». 

• See * Topography of Organs,' in Eycleshymer and Schoemaker's CroM'tectipn Anatomy, 1911. 
3 * Atlas una Qnmdriss der Rdntgendiagnostik in der inneren Medizin,* MUnehen, 1909. 
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the stomach reaches a little below the umbilicus. The lower end of the stomach 
(caudal pole) rises when the recumbent posture is assumed, and it is often found 
higher atill in the cadaver. This elevation of the caudal pole is not associated with 
any marked rise in the level of the pylorus. Addison figures the pylorus about 
2 cm. above the caudal pole in the cadaver, and Groedel gives the distance in the 
living erect patient as 8 cm. The higher level of the lower part of the stomach 
in the cadaver is partly due to the dissection being made in the horizontal position, 
for, as already mentioned, in the living body a marked rise occurs when the patient 
lies down. Further, after death, the stomach usually contains little or no food, and 
its lower part is frequently contracted, and as, during life, the expanding stomach 



(J. Symingtoo.) 

a. disk between the eleveath sod twelfth thc^suio verlebne ; b. duphngm ; e, aorta i d, cudiac orifice : 
behind this the atomwib ia Men to be in direct contact witji the diaphngm. 

meets with little resistance from the subjacent intestine, it must naturally be 
depressed by the accumulation of food. In the cadaver, the diaphragm is in a 
state of expiration, and the stomach will occupy a correspondingly high position. 
By X-rays not only can the general position of a stomach containing a bismuth 
meal be demonstrated, but the action of the muscular coat and its influence upon 
the form of the cavity can be shown by changes in the shape of the shadow.^ The 
fundus of the stomach is not subject to peristaltic movement. It serves as a 
temporary reservoir for the food, and always contains a quantity of gas. Peristaltic 
contractions begin below the cardiac orifice, and the constrictions in the cardiac 
portion of thestomachare better marked on the greater than on the lesser curvature. 
Towards the pylorus the peristalsis is more energetic, and the constrictions tend 
to become deeper and especially marked along the lesser curvature where this 
border turns to the right. A contraction-ring may form in the pyloric part of the 
stomach and nearly cut oft the contents of a small portion, near the pylorus, from 
the rest of the stomach. As this contraction-ring passes towards the pylorus, 
another one is being formed behind it. It is probable that the contraction of the 
pyloric part of the stomach forces most of the contents back again into the main 

1 See Kuatle, Rieder, and Ro«nthal, *The Bio-roeutTeoagnipb]' of the Internal Oigaiu.' Arch, of 
Ronii/m Ray; Juno IBIO ; and A. F. Herti, * The Uotor Function* of the Stomach.' QMTtttty Journal 
ofMtdieint.Jutj ISIU. 
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portion of tte Btomach, and only a small part into the duodenum ; otherwise, the 
stomach would be emptied much quicker than ia really the case, since several 
contraction-waves may occur in one minute. 

After death, the stomach may be found firmly contracted — except at the fundus 
— so as to form a narrow intestinal tube, or it may present constrictions with inter- 
mediate dilatations, and the constrictions may be circular, or limited mainly to the 
neighbourhood of one of the curvatures. These constrictions are probably due 
to a contraction-wave, which was arrested at some part of its course, since the 
position at which they are found is very inconstant. Authorities are by no means 
agreed as to the number, position, and functional significance of the parts into 
which the stomach may be divided. F. T. Lewis » has recently drawn up the 
following table of the fundamental subdivisions of the stomach and the adjacent 
portions of the digestive tube : — 

Antrum cardiacum. 
Gastei. 

Cardia. 

Pais cardiaca gastri. 
Fundus. 
Corpus. 

Canalis gastrtcus. 
Pars pylorica gastri. 

Vestibulum pyloricum. 
Antrum pyloricum. 
Pylorus. 
Antrum duodenale. ' 

Antnun oardlaonm is merely another name for the intra-abdominal portion 
of the oesophagus. It is often funnel-shaped, with its base towards the stomach. 

Gardla. — The junction of the 
stomach and the ceaophagua is called the 
oardia. Owing to its relations with the 
diaphragm, the cardia is the most fixed 
part of the stomach. It is situated at the 
level of the body of the tenth or eleventh 
thoracic vertebra, in front and to the 
left side of the aorta, and behind a notch 
in the posterior surface of the left lobe 
of the liver. It lies, on an average, 
about 10 cm. to 12 cm. posterior to the 

interval between the ensiforrt process i"«^ M.-8k^o» i™ouob^u>«c fu.t or 
and the mner end of the seventh left wbom a srEcuinr habdineh Vn «(■. Natuni 

costal cartilage. It appears, from the ""*- (J-Symingt™.) 

researches of Braune and von Guharofi,* ^ "■ -■."■ ^'^^•^^^ f;^d» of »^ ma=ou, m™ 

brmibe m pyJono put of ■umubch ; 0. HotioQ ot 
that the cardiac Onfice may have a macoui membnne ; e, oirouUr muKuLu fibrea □[ 

valvular action independent of its mus- .i»in«h: the longitudiiai fibr» u« jn.t ™;bie to 

1 fli mL ii J- -J- ^L *■ "*''** eye M » nurow iiua eitemal to the 

Cular fibres. Thus, after dividing the drcoUrBbcH;!), duodenum; r, pylono onflco. 

thorax horizontally some distance above 

the diaphragm, and filling the stomach with fluid by injecting from the cut end 
of the cesophagua, they found that the gastric contents were retained, although 
the oesophagus was not ligatured. After piercing the diaphragm, the oesophagus 

1 * The Form of the Stonucb !□ Hamkii Embrrot, with Notsa upon the NomenoUture o[ the Stomach. 
Th* Amaiean Joanal of Awilomg. toL liU., 1912. 

= ■ Ueber den Verchlma dea raeneohliohen Hageni dor C»tdi»,' At<A. /. AwOamie, 1888. 
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turns somewhat abruptly to the left side to open into the stomach, and it is probable 
that when the stomach is distended this bend is incieased so as to obstruct the 
return of its contents into the oesophagus. 

Pyloras. -This is the junction of the stomach and duodenum. Owing to 
the connexion of this end of the stomach with the bver by means of the thickened 
portion of the small omentum, containing the hepatic artery, portal vein, 
and bile-duct, its mobility is much less than various other parts of the stomach. 
Addison found that in twenty-four out of sixty subjects, the pylorus corresponded 
to, or was within 1 cm. of, the upper transverse abdonuoal plane (see fig. 80), and 
he consequently proposed to call this plane the transpylOTic. Porter ^ gives the 
average level as opposite the first lumbar vertebra. It may be pushed down by 



an enlarged liver, or displaced upwards by a distended transverse colon. In the 
cadaver, the pylorusis usually overlapped in front by the liver, which thus separates 
it from the abdominal wall ; but during life, with the stomach full and the body 
in the erect portion, the pylorus is probably a little below the liver. When the 
stomach is empty, the pylorus is in, or close to, the median plane, and 2 cm. to 3 cm. 
below the ensiform cartilage ; but when the stomach is distended, it tends to move 
towards the right side, and the orifice which previously looked upwards and to 
the right is now turned backwards. The position of the pyloric onfice can be 
recognised by a slight constriction on the outer surface of the organ, and also by a 
thickening of the wall, which can readily be felt by taking it between the thumb 
and the forefinger. During operations, the position of the pylorus may often be 
recognised by the presence of a small vein crossing it transversely. 

' Eyckahfiner and Schoanuker'i CroH.MMion Anatomy, ISIl. 
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The oardlao portton {pars cardiaca) is the larger of tbe two main divisions 
of the stomach, and it consists of a fundus, body, and canalis gastricus. Thejundus 
is a cul-de-sac, projecting upwards and backwards above the level of the cardia, 
and lies against the left vault of the diaphragm and the left lobe of the liver. The 
corpus, or body of the stomach, extends from the fundus to the caudal pole. The 
cafholis gastricus is a narrow portion of the cavity of the stomach, reaching from the 
cardia to the incisura angularis, and bounded on the right side by the lesser curvature 
of the stomach, while on the left side it communicates with the body of the stomach. 
It is believed by some to serve as a channel, which facilitates the passages of liquids 
from the cardia directly to the pyloric part of the stomach. It is said to be well 
marked in the fetus. 

The pjlorio part {pars pylorica) is frequently described as divisible into the 
pyloric vestibule and the pyloric antrum. The pyloric vestibule is seldom distinctly 
marked ofi from the body of the stomach. The pyloric antrum is a small dilatation 
situated between the pyloric vestibule and the pylorus. Not infrequently it is 
found, after death, firmly contracted (see fig. 94), and it is then known as the 
pyloric canaL - 

Lewis found that, in * human embryo 10 mm. long, the stomach was already divided into 
an expanded cardiac and a tubular pyloric portion, and the incisura angularis was about midway 
between the caidia and the pylorus, and from this and other specimens, he concluded that the 
pyloric pcnrtion is relatively longer in the early stages of development than in the later ones. 

A. Keith and Wood Jones, Proe. Anat, 8oe., November 1901, and in Jour, Anat. and 
Phya,, voL xxzvi., state that the fundus of the stomach is developed as a local outgrowth, 
or diverticulum, from the cardiac end of the great curvature, and that it represents the first 
of the three divisions of the stomach of the primates, the other two being the body and the 
pyloric part. In Se^lnnopithecus, the stomach is sharply differentiated into these three portions. 

The portion of tiie stomach between the cardia and the pylorus is usually 
described as having two surfaces and two borders, although in an active state, 
it acquires a more or less cylindrical form. 

Snrfitoes. — ^The anterior surface, which looks more or less upwards as well as 
forwards, is entirely covered by the peritoneum of the greater sac. It is in contact 
with the under-surface of the left lobe of the liver and the diaphragm, and frequently 
also with the quadrate lobe of the liver and the anterior abdominal wall below 
the costal margin. Occasionally, the transverse colon is found in front of the 
stomach. 

The posterior surface is covered above by the greater sac, the peritoneum being 
continued from the anterior surface over the fundus on to the upper part of the 
posterior aspect. In the neighbourhood of the cardia, there is an area of the stomach 
of variable size, uncovered by peritoneum. When small, this area is in direct contact 
with the diaphragm (see fig. 92), and is bounded by the gastro-phrenic ligaments; 
but it may be so large as to reach outwards to the left kidney and suprarenal 
gland, and as far downwards as the pancreas, when the area becomes limited 
partly by gastro-renal and gastro-pancreatic folds. The pyloric part of the posterior 
surface of the stomach may be covered by the peritoneum of the lesser sac, but 
not infrequently it lies in direct contact with the pancreas. Sometimes the 
uncovered area extends along the lesser curvature, from the cardia to the pylorus, 
in which case the lesser sac is divided into two distinct portions — ^the bursa omenti 
majoris and bursa omenti minoris. The posterior aspect of the body of the stomach 
is lined by the peritonexun of the recessus liehalis of the bursa omenti majoris. 
(For further particulars regarding the relation of the posterior surface of the 
stomach to the peritoneum, see P. T. Crymble, * Gastro-pancreatic Folds,' Jour, 
Anat. and Phys., vol. xlvii.) 
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The structures which lie behind the stomach were described by the late Professor 

Birmingham ' as forming the stomach-bed. They include a small part of the 

icveCci^ ~] "Jiaphragm, the gastric surface of the spleen, sometimes part of the suprarenal 

. I gland and the upper end of the kidney, the pancreas, and the transverse meso- 

I colon. This peritoneal fold separates the lower part of the stomach from some of 

/**^**^ '^ the convolutions of the jejunum (fig. 82). 



Flo. 96. — View or the stoiuch in nhi iniH sihovil or the livu ihd the intistike (i 

A. duphngm ; B, B'. thcracico-nbdominij pnnetts : C. right kidney with t, 
glud ; B, left kidney with e, it* ureter ; F. iplecD ; O. G', ftponeoroKa of the truunne utao 
U, right qtudnitiu lumbanim miucle ; H', left dittji ; J. right psou magniu uid punu muioles ; 1', left 
ditto ; K, (ecopluigiu ; L. itonuch i M. duadeaum ; N. jejunum ; the poeition of the duodrao-jejuul juDCtkn 
behind the itonukoh LB indicated by dott«d liaoe, 1, tenninAtion of oeioplugiu ; 3, great currAture of stomaoh; 
3. enull curvsture ; 4, fundoa ; S. antrum pylori ; fl, pyloric end ; 7, right viguj nerre ; S, left ditto ; 9, 
thoracic aorts; S', abdomiaal aorta; tO. iafeiior phrenic artery ; II. cceliao artery ; 12, hepatic ar^ry ; 
13. right gafltro^epiploLC ; M, left gaetric artery ; IS. iplenic artery ; 10, IS', superior meaenteric artery and 
rein; IT. inferior m»eateric artery ; 18. ipermatic arteriee; 19, gall-bladder ; 20, c^tic duct ; 21, hepatic 
duet ; 22. inferior tcdb cava j 23. pcrtttl vein ; 24. aympathetic cord. 

SQrd«rs. — The borders of the stomach are termed the small and great 
curvatures. They give attachment to folds of peritoneum, between the layers 
of which blood-vessek and lymphatics reach the organ. The small curvature is 
readily recognised by its giving attachment to the small otmnlum. It passes from 
the cardia at first downwards and a little to the left, and then turns somewhat 

1 ' Some Fointa in the Anatomy of the Digeitive Syitem,' Jour. Anal and PAy«., ToL hit.. 



STOMACH 91 

abruptly upwards and to the right, to end at the upper border of the pylorus. This 
bend oa the lesser curvature is known as the irunsura anffularis.^ Between this 
notch and the pylorus, the lesser curvature often exhibits a depression, separating 
two prominences. The great curvature is about three times (Berry) as long aa the 
small, and consists of an upper, a left, and a lower portion. At its commencement, 
it is separated from the cardia by a deep notch — the irtcuura cardiaca. From this 



A, lafdrior mrfux irf liTfr ; B, right kidney ; C, C, right And left Baprimii«l gluidi : D, left kidney ; 
E,pu]creAi{ F, upper pAitolitonutch; Q.ipleen; H, ducxlenum with a, 6, c, if, iU four portiooa ; l,jejutiunij 
K. duodeao- jejunal juaotiOD i 1, lower end M feM^ihagni ; 2, pyloiia «ifioe ; 3. oaluo utory ; 4, leftgutrio 
Artery ; fi, hepAtio utery i 6, lobue undattu of liver ; 7, 7'. Bpleoio Teoels ; S, left gftfltro-epiploic ; 9, right 
gwtn>4piploic 1 lU, auperior nKeenterio veiaeli ; II. portal vein i IS, hepatic duot j 13. oystio duot ; 14. 
gtli'bladder; IB, left cnu of diaphragm ; Ifl.aarta; IT, inferior TenaoaTa; 18. Inferior meaenterie Titub; 
19, W, Rpermatio veaaeli. 

notch, it will be found to pass to the left, forming an upwardly directed convexity, 
where it encircIeB the upper part of the fundus. On the left side of the fundus, 

it first passes nearly straight downwards, and then turns to the right to end at 
the pylorus. Its vertical portion gives attachment to the gastro-splenic ligament 
(ligamentvm gaslrolienale), and its lower to the great omentum. The transverse 
colon generally lies near the lower border of the stomach. Depressions on the 

lien an gehaitetaa Leiohen ueber Form nad Lagemng dee meniohllDbea Hignu.' Arck, f. 
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greater curvature are often Been. One on the vertical portion may be ho well 
marked as to produce an houi-glasa contraction of the Btomacb. Anothei, 2 cm. 
to 3 cm. from the pyloiiu (see fig. 88), was termed by His the mlcat intermediua. 
Such depressionB are of a transitory nature. 

IMnMnsloiM. — These vary greatly in different subjects, and also according to 
the state of distension of the organ. When moderately fiUed, its length, measured 
from the top of the fundus to the lowest part of the great curvature, is about 20 cm. 
to 22 cm., and its diameter at the widest part 
from 8 cm. to 9 cm. The distance between its 
two orifices varies from 7 cm. to 15 cm. Its 
capacity varies so much, according to the dietetic 
habits of the individual and the degree of tonicity 
of its muscular coat and that of the abdominal 
wall, that it is difficult to give an average. It 
may appear moderatety distended when it contains 
about 400 C.C., and, on the other hand, may 
readily accommodate several litres. 

TaiiatioBB aooortUiii' to av«. — In the 
new-born child, the stomach is small and usually 
empty. Its general form and position are very 
similar to that of the empty and contracted 
stomach in the adult ; but in consequence of the 
large size of the left lobe of the liver, the whole 
of its anterior surface is covered by this organ. 
When it becomes distended, the movement of its 
pyloric portion towards the right side is probably 
impeded by the large size of the liver. 

APPEARANCE AND NAKKD-EYE STRUCTDRE OF 
THE STOMACH. 

The stomach has four coats : named, in order 
from without inwards, the serous, muscular, areolar 
or submucous, and mucous tunics (fig. 97). 

The 0xt«nial or ssroiu ooat {tunica serosa), 

derived from the peritoneum, is a thin, smooth, 

transparent and elastic membrane, which closely 

►"lo. 97.— SecTtow thbocom tb« covers the entire viscus, except along its two 

coinorTHsnoiucH. Dbgram. cuTvatures and a Variable extent of its posterior 

"* surface. Along the curvatures, the attachment 

Hum J ""wifl«™gi»Qd diKt ;" m.™.! o^ tbe peritoueum is looser, leaving an interval 

occupied by the large blood-vessels. 

The second, or mascnlar ooat {tunica 
muscularis), is composed of plain muscular tissue ; 
three sets of fibres, disposed in layers, and named, 
from their direction, the longitudinal, the circular, and the obUque fibres. 

The first or outermost layer consists of the loiujilvdinid fibres fig. 97, l.m., 
tig. 98, A), which are in direct continuity with those of the oesophagus. They 
spread out in a radiating manner from the cardiac orifice, and are found in greatest 
abundance along the curvatures — «qpecially the lesser one. On the anterior and 
posterior surfaces, they are very thinly scattered, or scarcely to be found, but, 
towards the pylorus, are well marked and form a uniform layer, which, at the pylorus. 



One-third oatnnl nie. (Allen Thomioo.) 

A . eitenul Ixjtr of longitndinel fibiea. u Men bom the oulsiile ; B, middle U;«r of oircuhr fibres u uen 
oQ removing the longitudinal layer ; C, oblique fibres expoaed by remoring eome of tlte Gbi« of the oircuUr 
l&ji?r, tbe oat edgee of which ate teen below the small curratore. 

c, the canliao end ; p, the pf lorie end i in A are shown the stronger Inngitndinal fibrea. pauing along 
the amall and lalge curvatorei, and all round the pyloric end, and radiating from the end of the gullet 
oier the front (and back} of the stomach ; in B, the nearly uniform layer of circntar fibres, in two seta 
erouing each other 7017 obliquely at o, and at the eacdiao end becoming aonnentria to the ceatre of the 
fliDdu in 0, the obUque fibre*, ob, lA', which form a continuation of the circular fibre* of the gullet (is), 
«ikd spread from the left side of the cardiac, gradually merging into the deeper circular fibna. with which 
finally they entirely blend. 
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splits up into a superficial set of fibres continuous with the longitudinal fibres 
of the duodenum, and a deeper set which ' turn into the sphincter-ring, and there 
spread out in the form of diverging fasciculi, many of which reach the subjacent 
mucosa ' (Cunningham, * Trans. Royal Soc. of Edinburgh,' vol. xlv., 1906). 

The second set consists of the circular ^hrea (fig. 97, cm. ; fig. 98, B), which form 
a complete layer over the whole extent of the stomach, except the fundus. This 
layer gradually becomes thicker as it passes towards the pylorus. If the pyloric 
part of the stomach is contracted, the fibres form a layer 2 mm. to 3 mm. in thickness, 
which ends at the pylorus to form the pyloric sphincter. According to Cunningham, 
these sphincter fibres are not continuous with the circular fibres of the duodenum. 
At the cardia, the superficial circular fibres of the lower end of the right side of the 
oesophagus pass obliquely downwards on the anterior and posterior surfaces of 
the stomach, and gradually blend with the circular fibres of the middle layer and 
also with the internal layer. 

The innermost muscidar layer forms what are known as the oblique fibres ; but 
Birmingham ^ states that the majority of its fibres are circular, and surround the 
fundus in the same way as the circular fibres of the middle layer invest the rest 
of the stomach. At the cardia, these circular fibres become continuous with the 
oblique fibres, which form a loop at the incisura cardiaca and pass downwards and 
outwards over the two surfaces of the stomach, and blend with the circular fibres 
of the middle layer. These oblique fibres are best seen by the removal of the mucous 
membrane.2 

The BubmuooiiB ooat (tela suhmtMiosa) is a distinct layer connecting the 
muscular and mucous coats (fig. 97, sm.). It consists of areolar tissue, in which 
occasional fat-cells may be found ; and it is the seat of division and passage of 
the blood-vessels. 

The Internal ooat oTmuoooB n&ombrano is a smooth, soft, rather thick 
and pulpy membrane, which in the fresh state has generally a somewhat pink hue, 
owing to the blood in its capillary vessels. In infancy, the vascular redness is 
more marked. 

The mucous membrane is thickest in the pyloric region, and thinnest in the 
great cul-de-sac. It always becomes thinner in old age. 

It is connected with the muscular coat, by means of the intervening submucous 
layer, so loosely as to allow of considerable movement or displacement. In 
consequence of this, and of the want of elasticity of the mucous membrane, the 
internal surface of the stomach, when that organ is in an empty or contracted 
state, is thrown into numerous convoluted ridges — rugm — which are produced by 
the wrinkling of the mucous, together with the areolar coat, and are entirely 
obliterated by distension of the stomach. These folds have a general longitudinal 
direction — especially along the lesser curvature from the cardia to the incisura 
angularis, and in the pars pylorica. The folds parallel to the lesser curvature 
form the canalis gastrums (Magenstrctsse of Waldeyer). Two elevations of the 
mucous membrane are found opposite the incisura cardiaca and incisura 
angularis. 

When the pyloric canal is closed, the longitudinal folds of its mucous mem- 
brane terminate abruptly at the duodenum, and form a prominence into the 
duodenum, surrounded by a groove and bounding a stellate orifice (see fig. 94, a). 
If the stomach and duodenum are distended, the junction between their cavities 
is indicated by an annidar projection of the mucous membrane and of the circular 

1 * The Arrangement of the Muscular Fibres of the Stomach,* Jour, of Anat. and Phys., yoL xxxiii.» Got. 
1898. 

3 G. Schwalbe, * Beitrage znr Kenntnis dea menschlichen Magens,* Zeitachrift fur Morpkologie und 
AfUhropologit, Sonderhefti., 1912. 
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muscular fibres, bounding a round or oval aperture, which seldom exceeds 12 mm. 
in diameter. 

On exsminiog the gastric macoua membrane closely, vith the aid of a simple 
lens, it ia seen to be marked throughout — but more plainly towards the pyloric 
ezti«mity — with small depresaions, which have a polygonal figure, and vary from 
about 0'12 mm. to 0'26 mm. across, being larger and more oblong near the pylorus. 



BLOOD-VESBELS. (UalL) 

On the right aide of the figure the glMidiiW and muHniUi elemenla i 
■re distributed to Uie mocouB membrane and to the muecular coat 

They are the enlarged mouths or ducts of the tubular glands with which the mucous 
membrane of the stomach is beset. 

Towards the pyloric region of the stomach, these depressions are larger and 
deeper, and their margins are elevated into pointed processes, which resemble — 
especially in vertical section — rudimentary vilh ; but the perfect forms of those 
appendages tuAst only in the small intestine, and make their appearance in the 
duodenum immediately beyond the pylorus. 

BlQOd-vess«ls, iTmpliatloB, and narvss. — The stomach is a highly 
vascular organ. Its artorlal branches, derived from all three divisions of the 
ccdiac artery, reach the stomach between the folds of the peritoneum, and form, by 
anastomosing together, two principal arterial arches, which are placed along its 
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two curvatures. Their branches pass through the muscular coat (to which, in 
passing, they give o£E some arterioles), and divide into smaller vessels in the sub- 
mucous areolar timic, where they also freely anastomose, and whence they are 
distributed to the mucous membrane and to the muscular layers. The arterial 
branches (fig. 99), which enter the mucous membrane, pass between the tubuli, 
ramifjidng freely in a radial manner ; here they form a plexus of fine capillaries 
upon the walls of the tubuli ; and from this plexus, larger vessels pass into a coarser 
capillary network around the mouths of the glands. The veins, fewer in number 
than the arteries, arise from the latter network, and take an almost straight course, 
through the mucous membrane between the glands, and join to form a plexus of 
larger vessels near the bases of the glands. From this plexus, pass o£E branches, 
which, after piercing the muscularis mucosae and forming a wide venous plexus in 
the submucous tissue, return the residual blood into the splenic and superior 
mesenteric veins, and also directly into the vena portse. These veins, as well as 
other tributaries of the vena portse, have a particularly well-marked muscular 
coat, and contain numerous valves (Hochstetter). 

The ^ymphatlos are very numerous. As shown by Loven, they arise in the 
mucous membrane by a dense network of lacunar spaces, situated l>etween 
and amongst the gland-tubuli, which, as well as the blood-vessels, in many parts 
they enclose in sinus-like dilatations. Near the surface of the membrane, the 
lymph is collected into vessels which form loops or possess dilated extremities : 
these vessels are less superficial than the blood capillaries. At the deeper part 
of the mucous membrane, the interglandular lymphatics pass into a plexus of 
fine vessels inmiediately underlying the tubular glands ; then piercing the 
muscularis mucosae, they form a coarser, more deeply seated network in the 
submucous coat, the vessels of this network being provided with valves. Thence 
afferent lymphatics proceed, and, piercing the muscular coats, follow the direction 
of the blood-vessels beneath the peritoneal investment. The areas drained by these 
afferent lymph-vessels closely correspond with the areas suppHed by the arteries, 
and they follow the course of these blood-vessels as far as their termination. The 
afferent l3rmphatics from the glands, on the other hand, leave the vessels and pass 
towards the cistema chyli. 

Numerous lymphatic glands are foimd in close relation with the stomach. 
The most important group is situated along the lesser curvature. The glands 
of this set are most numerous towards the upper end of the curvature, where 
the left gastric artery gives off its oesophageal branch. A chain of small 
glands surrounds the cardiac end of the stomach — most of them in front and on 
its right and left sides. The glands associated with the splenic artery are few 
in number, and are mainly situated along the upper border of the tail and body of 
the pancreas. A number of glands is found in relation to the branches of the 
hepatic artery distributed to the stomach. As a rule, there are no glands on the 
right gastric artery, but four or five glands are usually foimd on the gastro-duodenal 
artery, and rather more in the great omentum just below the right gastro-epiploic 
artery. (For further particulars regarding the lymphatics of the stomach, 
consult Jamieson and Dobson, * The Lymphatip System of the Stomach,' Lancety 
April 20, 1907.) 

The nerres, which are large, consist of the terminal branches of the two 
vagi nerves, belonging to the cerebro-spinal system, and of offsets from the 
sympathetic system, derived from the coeliac plexus. The left vagus nerve descends 
on the front, and the right upon the back, of the stomach, and both nerves are here 
composed almost entirely of non-medullated nerve-fibres. Numerous small ganglia 
have been found by Kemak and others on both the vagus and sympathetic twigs. 
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The nerves form gangliated plexuses (like the myenteric and submucous plexuses 
of the intestine), both between the layers of the muscular coat and in the submucous 
coat. From these plexuses, nerve-fibrils proceed to the muscular tissue and to the 
mucous membrane. 

Varteties. — ^In complete transposition of the viscera, the stomach will of course lie on the 
right side. Congenital hour-glass contraction of the stomach is rare. This contraction is often 
met with in the adult, without any signs of disease, and it is due to a localised temporary , 
or physiological, contraction of the circular muscular fibres. Congenital stenosis of the pylorus 
occasionally occurs. 

INTESTIXUM TE^TUE. 

The small intestine {intestinum tenue) commences at the pylorus, and, after 
many convolutions, terminates in the large intestine. According to Treves, it 
measures, on an average, about 7 metres (22J feet) in length in the adult, and 
becomes gradually narrower from its upper to its lower end. 

Treves {The Anatomy of the Intestinal Caned and Peritoneum in Man, 1885) made his 
measurements on fresh material, in which the bowel is very distensile. Semoff (* Zur Kenntnis 
der Lege und Form des mesenterialen Teiles des Dunndarmes/ Intemat. Monatsch. f. Anat. und 
Phys., Bd. xi., Heft 10), found* in hardened subjects, the length to be on an average 5*3 metres. 

Its convolutions may extend into all the regions of the abdomino-pelvic cavity 
situated below the transpyloric plane of Addison, and they are sometimes found 
reaching upwards above this plane, especially on the left side. 

The small intestine is divided into three portions, which have received difEerent 
names. The first ten or twelve inches immediately succeeding to the stomach, and 
comprising the widest and most fixed part of the tube, is called the duodenum. 
This part is further distinguished by its close relation to the head of the pancreas 
and by the absence of a mesentery. The remainder, which is arbitrarily divided 
into an upper two-fifths called the jejunum, and a lower three-fifths called the 
ileum, is very convoluted and movable, being connected with the posterior abdominal 
wall by a long and extensive fold of peritoneum called the mesentery, and by 
numerous blood-vessels and nerves. Although there is no distinct line of 
demarcation between the jejunum and the ileum, yet the portion of the small 
intestine included under these two names gradually undergoes certain changes 
in structure and appearance from above downwards, so that the upper end of the 
jejunum can readily be distinguished from the lower part of the ileum. 

POSITION AND RELATIONS OF THE SEVERAL PARTS OF THE SMALL INTESTINE. 

Duodenmn. — ^This is the shortest and widest part of the small intestine. In 
length it measures about 25 cm. to 30 cm., and in diameter 3*5 cm. to 5 cm. 
In its course, it describes a single large curve, which, when the stomach is empty, 
forms an almost complete ring, its termination in the jejunum being only a little 
to the left of its commencement (Braime). Distension of the stomach, and the 
consequent movement of the pylorus towards the right side, makes the curve 
of the duodenum U-shaped rather than annular. The curve of the duodenum 
does not all lie in one plane ; for, while the commencement of the first part, the 
greater portion of the third and the fourth parts, occupy a coronal plane, the 
termination of the first part, the second part, and the beginning of the third, bend 
backwards on the right side of the inferior vena cava and occupy approximately a 
sagittal plane.^ The concavity embraces the head of the pancreas. 

1 A. Birmingham, 'The Topographical Anatomy of the Spleen/ &c., Jour, Anai, and Phy$., vol. zxzi., 
1897. 

VOL. n. PART II. H 
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It Has no mesentery, and is covered only partially by peritoneum. Its muscular 
coat is comparatively thick, and its submucoua layer towarda the pylorus is the 
seat of the glandulse duodenales or the glands of Brunner. The common bile-duct 
and the pancreatic duct open into this part of the intestinal canal. 

The duodenum may be divided, for the purpose of anatomical description, into 
four parts. 

The first, or pars anparlor, is the most variable in length and direction, since, 
while its termination is fairly fiied in position, the pylorus, from which it starts, 



The gwatw p«r1. of the sfomach hu hern renioTfd, npcaing Ihe ptuferiot lelnliom. 
A. inferior lurfaiY of \i\n ; B, tight kidDry ; C. C. right and left auprarfual glandi i D, left kidney ; 
Eipftoenaa; F. upper part of stomaeh ; 0,apkeen^ U.duodenum wLthu.A.Cpij, itafoiirportioajj I. jejunum ; 
K, duodeno-jejuiial junction ; 1, loirer end of wsophagus; 3. pyloric orifice ; 3, cooliac utcry ; i, coronaiy 
artery ; 6, hepatic artery : 6, lohus eaudatua of hver i 7, 7', splenic vcflaela ; B, left gaatrcKepiploio arten^ i 
9. right gaatro-epiploic artery ; 10, auperiormeBenlcrie Tegsels ; !1, portal vein; 13. hepatic duot : 13. cyatic 
ducti H, gall-bladder; 15, left cruaol diaphragm i IS. aorta; IT, inferior vena cava ; IB, inferior oieaenteric 
Tewelg ; 19, IS', >pern»tie vetaela. 

is relatively mobile. If the pylorus lies below the inferior border of the anterior 

surface of the liver, or only slightly overlapped by this organ, and is also placed 
somewhat to the right of the median plane, the main direction of the superior part 
will be backwards and upwards ; whereas if the pylorus is well under cover of the 
liver and in the median plane, or somewhat to the left of this plane, the direction 
of this part will be at first mainly to the right, and only towards its termination 
will it incline backwards. The anterior surface may be in contact with the anterior 
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abdomiiml wall before leoching the under-surface of the livei, while in other caaes 
its whole extent may be ia contact with the quadrate lobe. Behind it are the 
pancreas, the portal vein, the gastro-duodenal artery, and the common bile-duct. 
The first part ends close to the neck of the gall-bladder. 



Fia. 101.— Ddodesdm *sd p*scbi*8, viewed fbom thi rnosr. (IV. M. Bsldwio.) 

The second, or pars deooendons, is about 8 cm. long. It commences just 
below the neck of the gall-bladder, opposite the right side of the first lumbar vertebra, 
and passes down to the level of the body of the third or fourth lumbar vertebra, 



Flo. 108.— HOBIZONTAL SECTION OP THE TEHNE OF 1 HAS AGED riTTY TEIBS. AT THE LEVEL OF THI DISK 
BETWBBB IBE BODIES OF TBI SECOND iSD THIHD IDMBtB VERTEBRA One-third lutlird Sizo. 

(P. T. Crymbb.) 
Jht second or deacending ud the fourth or ascending porlioDB of the duodenum are divided in this section. 

where it turns sharply inwards to join the third part. Its anterior surface usually 
gives attachment to the transverse meso-colon, and is entirely covered by peritoneum 
with the exception of the small interval between the two layers of the meso-colon. 
This small uncovered area is sometimes considerably increased, owing to the 
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tranBverBe colon being here destitute of a meso-colon, and separated from the 
duodenum by areolar tissue only. Above the transverse colon, the anterior surface 
is in contact with the livei. The poeterior surface has no peritoneal covering, 
but is connected by areolar tissue to the right kidney and its vessels and the ureter 
and the psoas muscle. There are considerable variations in the relations of the 
second part of the duodenum to the right kidney. According to Cunningham, 
they are probably due rather to variations in the position of the kidney than of 
the duodenum. As a rule, the duodenum comes in contact with the kidney a little 
above its hilum, and reaches down to about the level of its lower end. To the 
left is the head of the pancreas (see fig. 101), which adapts itself to the shape of 



The third or horizoat«] part of tlie duodtDum ia divided in thii section. 

the intestine on that side, and, according to Verson, some of the longitudinal fibres 
of the gut are intercalated amongst the contiguous lobes of the gland. The common 
bile-duct descends behind the left border of this part of the duodenum, and the 
pancreatic duct accompanies it for a short distance. 

The third, or pars borixontalto, of the duodenum is between 6 cm. and 8 cm. 
long. Beginning on the right of the third or fourth lumbar vertebra, it crosses over 
to the left side, with a slight upward inclination, and ends to the left of the aorta by 
curving upwards to join the ascending or terminal part of the duodenum. It« 
anterior surface is covered by peritoneum at its commencement ; but near the 
median plane, it becomes separated from the anterior layer of the mesentery by 
the superior mesenteric vessels, which groove its anterior surface. Behind, it lies 
against the right psoas muscle, the inferior vena cava, the aorta, and the left psoas 
muscle. On the right side, its posterior surface is uncovered by peritoneum ; 
but towards the left, the posterior parietal peritoneum is sometimes prolonged 
upwards, behind it, for a variable distance. Above it is the head of the pancreas. 

The fourth, or pars asoendeiis, is about 5 cm. long. It passes upwards on the 
left side of the aorta as high as the upper border of the second lumbar vertebra, 
where it turns abruptly forwards to join the jejunum, forming the duodeno-jejunal 
flexure. It is covered in front and on the left side by the peritoneum, which often 
forms on its left side one or two peritoneal pouches called the duodenal foasse, and 
it lies behind the transverse meso-colon, which usually separates it from the 
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stomach, although some convolutions of the jejunum may intervene (fig. 102). It 
rests on the left psoas muscle — the inner margin of the left kidney is sometimes 
slightly overlapped by it — and near its upper end the left renal vein passes behind it. 

From ite peritoneal relations, the duodenum may be divided into two portions — para supra-colica 
and pars infra-colica. The supra-coUc part is situated above the line of attachment of the transverse 
meso-colon, and includes the first and the upper part of the second portion of the duodenum ; 
while the infra-colic is below this line, and comprises the remaining portion of the duodenum. 
The pars infra-colica may be subdivided into a right, a sub-mesenteric, and a left portion 
(Waldeyer, * Die Kolon-Nischen, u.s.w.,' Abh, d. k.p. Akad. d, Wissertsch, zu Berlin, 1900). The first 
part of the duodenum has been called sub-hepatic, the second the prse-renal, and the third the 
prse-aortic. (Jonnesco, ' Sur Tanatomie topographique du duodenum,' Bull, de la Soc. Anal, de 
Paris, 1889). 

Mnsonliis siispeiiflorlaB duodenl. — The fixation of the upper end of the terminal part of 
the duodenum is largely affected by a band composed of fibrous and muscular tissue, which con- 
nects it with the right cms of the diaphragm, and is known as the musculus suspensorius duodeni 
of Treitz.^ This band has a left free border, lateral to which is the inferior mesenteric vein, and 
on the right side it is continuous with a layer of fibrous tissue which extends below, partly into 
the mesentery and partly into the concavity of the duodenum. When traced upwards, it is 
found to form a small elastic tendon, which lies to the left of the origins of the superior mesenteric 
and coeliac arteries and in front of the coeliac plexus. This tendon ends in a muscular bundle, 
which springs from the right cms of the diaphragm, and is composed partly of striped fibres. 
Crymble ^ suggests that during development it may pull the duodeno- jejunal flexure round the 
superior mesenteric artery to its final position. Just above this flexure the muscle is covered 
by a fold of peritoneum named the plica duodeno-jejutialis. 

Varieties. — The position of the duodenum does not vary greatly. According to Fawcett 
and Blatchford {Jour. Anat, and Phys., vol. xxxviii., July 1904), the third portion generally 
crosses in front of the third lumbar vertebra, and not infrequently it is as low as the fourth ; 
but it is rare for it to come into relation with the fifth lumbar. Thus out of 337 subjects, in 
only three did it reach this level. In four of their cases the duodenum ended on the right side of 
the vertebral column. 

Duodenal diverticula are not very uncommon. They are usually single, consist of all the 
coats of the intestine, and project from the concave side of the duodenum, and, consequently, 
towards the pancreas. Descriptions of a number of specimens, and the literature of the subject, 
are given by W. M. Baldwin (* Duodenal Diverticula in Man,' The Anatomical Record, vol. v., 
1911). 

The duodenum is one of those portions of the alimentary canal which, during embryonic 
life, is liable to physiological occlusion by proliferation of its epithelial lining. This may persist 
as an atresia or become the seat of a stenosis. 

Jejimaiii and Ileum. — The jejunum, originally so called from its having been 
supposed to be empty after death, follows the duodenum, and includes the upper 
two-fifths of the remainder of the small intestine, whi'e the succeeding three-fifths 
constitute the ileum — so named from its numerous coils and convolutions. Both 
the jejunum and the ileum are attached to the posterior abdominal wall by an 
extensive fold of peritoneum, termed the mesentery. This mesentery, although 
greatly friDed out in front to correspond in length with the jejunum and ileum 
to which it gives support, is attached posteriorly by a comparatively short border 
(about 15 cm.), which extends from the left side of the second lumbar vertebra 
obliquely across the third part of the duodenum, the aorta, the inferior vena cava, and 
the right psoas muscle to the right iliac fossa, where it ends. The length of the 
mesentery, measured from the parietal attachment to the intestine, varies — 
being longer about the middle than at either end of the bowel. The average 
length, according to Treves,^ may be taken as eight to nine inches (20 cm. to 
22*5 cm.). Lockwood * found that, up to the age of forty years, it rarely exceeded 

1 * Ueber einen neuen Muskel am Duodenum des Menschen,' Yiertdjahrschrift JUr die praktische 
Heilkunde, Prag., 1853, Bd. zxxvii. 

3 * The Muscle of Treitz and the Plica Duodeno- jejunalis,* Brit. Med. Jour., October 15, 1910. 

9 The Anatomy of the Intestinal Canal and Peritoneum in Man, 1885. 

-* ' fionterian Lectures on the Morbid Anatomy, Pathology, and Treatment of Hernia,' BrU, Med. 
Journal, June 15, 1889. 



102 DIGESTIVE SYSTEM 

8 inches (20 cm.) ; but, after this period of life, longer mesenteries occurred 
with greater frequency. Where the ileum crosses the right psoas, the mesentery 
is usually very short, and sometimes absent, so that this part of the intestine 
is only slightly movable. Between the two layers of the peritoneiun, forming 
the mesentery, are placed — ^besides some fat — numerous branches of the superior 
mesenteric artery and vein, together with nerves, lacteal vessels, and lymphatic 
glands. The convolutions of the jejimo-ileum occupy parts of the umbilical 
and hypogeistric zones of the abdomen, and a variable number of loops lie in 
the pelvis. Owing to the size and position of the liver, the greater part of the 
jejuno-ileum lies to the left of the median plane. A considerable number of the 
convolutions are usually in direct relation with the anterior abdominal wall ; but 
they may be separated from it by the lower part of the stomach, part of the 
transverse and pelvic colons, the great omentum, and the upper part of a distended 
bladder. When the stomach passes downwards in front of some of the convolutions, 
the transverse colon intervenes. The liver, spleen, pancreas, suprarenal glands, 
upper ends of the kidneys, and the stomach usually occupy the upper part of the 
abdomen to the exclusion of the jejuno-ileum. The convolutions of the small 
intestine often lie in front of the lower ends of the two kidneys, the ascending, 
descending, and iliac colon, and sometimes the caecum ; and in the pelvis may 
rest against any parts of the pelvic viscera which have a peritoneal covering. 

The character of this portion of the small intestine gradually changes from 
its upper to its lower end, so that portions of the jejunum and ileum, remote from 
each other, present certain well-marked differences of structure, which will be 
described in the accoimt of their structiu*e. The jejunimi is larger than the ileum, 
and its coats are thicker and more vascular. The diameter of the jejimum when 
moderately distended is about 4 cm.; and that of the ileiun 3 cm. According 
to Chaput and Lenoble,^ the lower end of the ileum will not pass a structure having 
a diameter of more than 25 mm. 

On account of the length of their mesenteiy and their ahnost complete inveBtment by 
peritoneum, the coik of the jejuno-ileum are freely movable — not merely as a whole, but upon one 
another. It is generally admitted that, owing to the fixation of the two ends of the jejuno-ileum, 
and to the line of attachment posteriorly of their mesenteiy passing from above and on the 
left side downwards and to the right, the jejunum will tend to lie above and to the left of the 
ileum. The convolutions that pass into the pelvis belong mainly, but not exclusively to the ileum, 
as the lower attachment and the length of its portion of the mesenteiy readily admit of such 
a descent. The terminal portion of the ileum goes upwards and to the right, and crosses the 
right psoas muscle to join the large intestine. 

Various attempts have been made to ascertain whether or not the individual coils of the 
jejuno-ileum are arranged on a definite plan. Treves ^ failed to find satisfactory evidence of 
such a plan. Henke ' came to the conclusion that the upper part of the jejuno-ileum was situated 
on the left side, and formed horizontally directed folds, while the lower part was on the right 
side, and its convolutions were vertical. Scmoff * could not confirm the conclusions of Henke, 
but Weinberg,* from an examination of ten newly bom children, supported them. Weinberg 
found the first two-fifths of the jejuno-ileum in the upper and left side of the abdomen and the 
convolutions were generally horizontal in direction. The next fifth was situated in the left iliac 
fossa, and its convolutions had no regular direction. It terminated by crossing the left psoas 
muscle to join the remaining two-fifths, which were found between the two psoas muscles and 
in the right half of the abdomen, and their convolutions were, as a rule, arranged vertically. 
About one-third of the whole length of the jejuno-ileum was in contact with the anterior abdominal 

1 * J^itode Bar le Calibre nonnale de rintestin gr^Ie,* BuUetins de la 8oc, AnaL de Paris, 69 Ann^ 1S94. 
3 The Anatomy oflht InUstinal Canal and Peritoneum in Man, 1885. 

3 < Der Ramn der Bauchhohle do« MeoBchen and die Verteibing der Eingeweide in demaelben,* Arch. 
/. Anatomie, 1891. 

* * Zur Kenntnis der Lage und Form des mesent^rialen Teiles des Dunndarmes,* Internal. Monatech, f. 
AnaL und Phye,, Bd. xL, Heft 10. 

* *Topographie der Mesenterien und der Windungen des Jejunoileom,* Intemai, Monateeh. /. Anat. 
und Phye., SkL xiiL, Heft 2. 
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waU. The most important and extensive researches on this subject are those of Mall.^ He traced 
the development of the loops of the small intestine during fetal life, and examined a considerable 
number of adults. In the fifth or sixth week of embryonic life, the small intestine exhibits six 
slight curves, which he numbers 1 to 6. These primary curves or loops gradually increase in 
size, and, except the first, which forms the duodenum, become 'complex by the formation of 
secondary loops, but can be recognised throughout life. No. 2 passes to the left, and its 
convolutions occupy the left side of the abdomen below the left half of the transverse colon. 
No. 3 also forms a loop towards the left, and it lies with its secondary folds on the left side 
below those of no. 2. The lower limb of loop 3 passes across the median plane, and no. 4 
forms a curve directed towards the right, and has its convolutions lying below the right of the 
transverse colon. No. 5 ctmstitutes a series of convoluticms which occupy the left side of 
the body and reach down into the pelvis, while the last portion, no. 6, extends upwards 
and to the right. 

Varteties. — ^Meokers dlTerttoulmn. — In about one in fifty subjects, a tubular or conical 
diverticulum is given off from the main tube of the ileum. Its average position above the 
ileo-colic opening is about 107*5 cm., but it has been found to vary from 27*5 cm. to 300 cm. 
It usually comes off from the ileum on the side opposite to the attachment of the mesentery. 
As a rule, it is from 5 cm. to 7*5 cm. in length, and about the same calibre as the bowel, from 
which it arises. This diverticulum is due to the persistence of a part of the vitelline duct of 
early fetal life. It is very rarely attached to the umbilicus. Mitchell found it in 39 out of 1635 
necropsies. {Far further particulars, consult A. Thomson, ' Diverticulum ilei,' Jour, Anat, and 
Phys., vol. xxvL, 1892 ; and Mitchell, ' Notes on a Series of Thirty-nine Cases of MeckeFs 
Diverticulum,* Jour. Anat. and Phys., vol. xxxii., 1898.) It is not to be confounded with 
hernial protrusions of the mucous membrane, which may occur at any point. 

Varlattons wltli are mi<1 *^^ — ^Treves found the average length of the small intestine 
in the new-bom child to be 282*5 cm., and he estimates that it grows about 60 cm. during 
the first month of extra-uterine life and a similar amount in the second month ; but after this 
period its rate of growth is very variable. Treves gives the average length of the small intestine 
in the adult female as 25 cm. longer than that of the male ; but Roksen, from measurements 
on German subjects, found it about 60 cm. longer in the male. 

APPEARANCE AND NAKED-EYE STRUCTURE OF THE SMALL INTESTINE. 

The small intestine, like the stomach, is composed of four coats : namely — the 
serous or peritoneal, muscular, submucous, and mucous. 

The external or serouB ooat (tunica serosa) almost entirely surrounds the 
intestinal tube in the whole extent of the jejunum and ileum, leaving only a narrow 
interval behind, where it passes off and becomes continuous with the two layers of 
the mesentery. The line at which this takes place is named the attached or mesenteric 
border of the intestine. The serous coat is very thin and translucent, and the 
subserous areolar tissue small in amount, so that the muscular fibres are visible 
from the outer aspect. There are no appendices epiploicse (see fig. 125, c). The 
duodenum is but partially covered by the peritoneum, and has no mesentery. 

The muBoular ooat {tunica muscularis) consists of two layers of fibres : an 
outer longitudinal, and an inner or circular set. The longitudinal fibres constitute 
an entire but comparatively thin layer, and are most obvious along the free border 
of the intestine. The circular layer is thicker and more distinct. Ochsner ^ 
describes a marked thickening of these fibres in the duodenum, from 3 cm. to 
10 cm. below the opening of the common bile-duct. 

The muscular tunic becomes gradually thinner towards the lower part of the 
small intestine. It is pale in colour, and is composed of plain muscular tissue, the 
cells of which are of considerable length. The progressive contraction of these 
fibres, conmiencing in any part of the intestine, and advancing in a downward 
direction, produces the peculiar vermicular or peristaltic movement by which the 

1 * Ueber die Entwickelung des menflchlichen Darmes und seiner Lage beim Erwachsenen,* Arch. f. 
AnaL. Erganzungsband, 1897. 

- * Farther Obsenratioiu on the Anatomy of the Duodenum,* American Journal of Medical Science, 
ToL oxxxii, 189tf. 
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contents are forced onwards through the canal. In the nanowing of thetube.the 
circular fibres are mainly concerned — the longitudinal fibres, shortening the tube, 
tend to produce dilatation (Exner), and those found along the free border of the 
intestine may have the eflect of straightening or unfolding ita succeaaive convo- 
lutions. There is a gangliated plexus of nerve-fibies (plexus myeiuericus) and a 
network of lymphatic vessels between the two muscular layers. 






Intermutetilar lager 



FiQ. 104.— Sbction Of isittXDH or 

Mtgnifi«d forty dkoieten. (Schaefer.) 

The snlMunooiiB ooat {tela submucom) of the small intestine is a layer of areolar 
tissue of a loose texture, which is connected more firmly with the mucous than 
with the muscular coat. Within it the blood-vessels ramify before passing to 
the mucous membrane, and there is a gangliated plexus (plexus eubmucosue) of 
nerve-fibres and a network of large lymphatic vessels. 

The internal coat, or mnootia membrann (tunica mucosa), is characterised by 
the finely flocculent or shaggy appearance of its inner surface, resembling the pile 
upon velvet. This appearance is due to the surface being thickly covered with 
minute processes named viUi. It is one of the most vascular membranes in the 
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body, and is naturally of a reddish colour in the upper part oi the small intestine, 
but is paler, and at the same time thinner, towards the lower end. It is lined with 
columnar epithelium throughout its whole extent, and next to the submucous 
coat is bounded by a lay^r of plain muscular tissue (mtMcuiaru mvcosa) ; between 
this and the epithelium, the substance 
of the membrane — ^apart from the 
tubular glands (which will be afterwards 
described)^ consists mainly of lymphoid 
tissue, which supports the blood-vessels, 
nerves, and lymphatics {lacteais), and 
encloses in its meshes numerous lymph- 
corpuscles. 

TUces drottlaros (vatvula connt- 
i»i.(a).— Them»cou.memb™ne,inaddi. '*',S-~'t™".X."'"™",I^'"^°^ 
tion to small efiaceable folds or rug{e, snow thi fuc2 cibcolabis. (BriDion.) 

possesses also permanent folds, which 

cannot be obliterated— even when the tube is forcibly distended. These permanent 
folds are the valmda connivenles, or valves of Kerkring. They are crescentic pro- 
jections of the mucous membrane, placed transversely to the axis of the bowel, and 
following one another closely. The majority of the folds do not extend more than 
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about one-half or two-thirds round the interior of the tube ; but it has been shown by 
Brooks ' and Kazzander - that some form complete circles, and others spirals. The 
spiral forms may occur singly or in groups of two or three. They generally extend 
a little more than once round the bowel, but in rare cases may go round two or 
three times. At their highest point, they project inwards for about a third of an 

., Bd. Tii.. 1BB2. 
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inch. Some of the plicae circulares are bifurcated at one or both ends, and 
others terminate abruptly. Each consists of a fold of mucous membrane — ^that 
is, of two layers placed back to back, and united together by submucous areolar 
tissue. They contain no part of the circular or longitudinal muscular coats. Being 
extensions of the mucous membrane, they serve to increase the absorbent surface 
to which the food is exposed. 

The plicflB circulares are not uniformly distributed over the various parts of 
the small intestine. There are none quite at the commencement of the duodenum ; 
a short distance from the pylorus they begin to appear ; beyond the point at which 
the bile and pancreatic juice are poured into the duodenum, they are very large, 
regularly crescentic in form, and placed so near to each other that the intervals 
between them are not greater than the breadth of one of the valves ; they continue 
thus through the rest of the duodenum and along the upper half of the jejunum ; 
below that point they begin to get smaller and farther apart, and, finaUy, towards 
the middle or lower end of the ileum, having gradually become more irregular 
and indistinct — sometimes even acquiring a very oblique direction — ^they altogether 
disappear. 

Plloa longitadlnalis duodenl and papillaa daodenl. — On the median 
wall of the second part of the duodenum is a longitudinal fold of mucous membrane, 
upon the upper end of which is the papilla major with a central depression forming 
the orifice of the bile and main pancreatic ducts ; while below, at about the union 
of the second and third parts of the duodenum, the fold joins a plica circularis. 
Proximal and ventral to the papilla major is the papilla minor on which opens 
the accessory duct of the pancreas (see figs. 101 and 106). 

The Tllll intestinales, peculiar to the small intestine, and giving to its 
internal surface the velvety appearance already spoken of, are small processes 
of the mucous membrane, which are closely set on every part of the inner surface 
over the plicsB circulares, as well as between them. 

Their length varies from 0*5 mm. to 0*7 mm., or sometimes more. They are 
largest and most numerous in the duodenum and jejunum, and become gradually 
smaller and fewer in number in the ileum. According to Rauber, they are short 
and leaf-shaped in the duodenum, and as the gut is followed downwards they 
become gradually longer and thinner, so that they are tongue-shaped in the jejunum, 
and filiform in the ileum. OccasionaUy, two or three are connected together at 
their base. In the upper part of the small intestine there are from ten to eighteen 
villi in a square millimetre, and in the ileum from six to fourteen ia the same 
space. This would give a total of about four millions (Erause). 

Olands. — ^Two kinds of small secreting glands open on the inner surface of the 
intestine : namely, the crypts of laeberkiihn and Brunner's glands — ^the last being 
peculiar to the duodenum. In addition to these, numerous lymphoid nodules are 
foimd, which are either scattered and isolated (solitary glands) or collected into 
patches (Peyer's glands). 

Olandalaa Intestinales (crypts of Lieberkuhn), the smallest but most 
numerous of these glandular structures, are found in every part of the small intestine, 
opening on the surface between the villi. 

OlandnlaB dnodenales {Brunner's glands) are small compound acino-tubular 
glands, which exist in the duodenum (where they are most numerous at the upper 
end) ; they occupy a space extending from 2*5 cm. to 5 cm. beyond the pylorus into 
the beginning of the jejunum. A few of them are also said to be found qmte at 
the commencement of the jejunum. They are embedded in the submucous coat, 
and may be exposed by dissecting o£E the muscular coat from the outside of the 
intestine. They may extend partly into the mucous membrane between the crypts 



STRUCTURE OF SMALL IMTECTINE 107 

of Liebeilciihn. In etiuctuie, they somewhat resemble the small glands which are 
found Id various parts of the lining membrane of the mouth and elsewhere, each 
consisting of a number of tubular alveoli, connected bj the terminal ramifications 
of the duct, which latter penetrate the muscularis mucosae, and open upon the 
inner surface of the intestine. The ducts open either between the crypta of 
Lieberkuhn or, in some caaea, into the bases of the crypts (Schafier). In sections 
through the pylorus, the glands of Brunner appear like direct continuations of the 
pyloric glands of the stomach ( Watney), which the<r 
closely resemble in structure, but they are some- 
what more complicated and more deeply seated. j 

The nodnll IrnplMtlol BoUt»rU (■toUiary 
glands) are soft, white, rounded, and slightly promi- 
nent bodies 0*6 mm. to 3 mm. in diameter, which 
are found scattered over the mucous membrane in 
every part of the small intestine. They are found 
as well at the mesenteric as at the &ee border, 
both between and upon the plicn circulares, 
and are rather more numerous in the lower 
portion of the bowel. 

The nodnll lymphatlol avvravatl {agmi- 
nated glandt or glands of Peyer, who described 
them in 1677) ore groups or patches of lymphoid 
nodules. The groups have an oblong figure 
(fig. 107), and vary from half an inch to two or 
even four inches in length, and from half an inch 
to about an inch in width (12 mm. to 120 mm. 
long and 12 mm. to 25 mm. broad). They are 

placed lengthways in the intestine, at that part ^^^^ lor _a siuti piTcn of nii«'» 
of the tube most distant from the mesentery. 



and hence, to obtain the best view of them, the t?^?^*"- ™" ™' ,.'^'™- 

. , , ,. . J i ■ ■■ , .. Slightly iMgniflei (Bo«hm.J 

bowel should be opened by an incision along its 
attached border. 

The lymphoid nodules, which by their aggregation make up a Peyer's patch, are 
in almost all respects similar to the solitary glands above described. As a rule, 
their surface is free from villi, and the crypts of lieberkiihn are collected in circles 
around them. Fine blood-vessels are distributed abundantly on the exterior of 
the follicles, and give oS still finer capillary branches, which, supported by the 
retiform tissue, are disposed principally in lines converging to the centre. 

Stood-v«saala, iTmphntlos, and nervoa. — The artsrlal supply of the 
small intestine is derived entirely from the superior mesenteric, with the exception 
of the duodenal branches of the superior pan creatico- duodenal artery which go to 
the upper part of the duodenum, the tower part being supplied by the inferior 
pancreatic o-duodenal of the superior mesenteric. As the blood in the superior 
pancreatico-duodenal comes through the gastro-duodenal and hepatic arteries 
from the cceliac artery, there is an area on the duodenum representing the 
boundary between the intestinal distribution of the cixliac and superior 
mesenteric arteries. The upper and by far the greater part of the jejuno- 
ileum is supphed by the jeiunal and ileal branches (rami intestini tenuis) of the 
superior mesenteric ; betow these branches, the arterial supply is completed by the 
termination of the superior mesenteric, and twigs from the ileo-cohc. The 
branches to the jejuno-ileum form a number of anastomosing arcades, and the 
terminal branches, when they reach the mesenteric border of the intestine, 
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divide into two vessels, which encircle the bowel. The tsIus, which in the 
adult are almost destitute of valvea,^ conespoad generally to the arteries, 
hut they terminate in the portal vein. 

The IrmpbKtlo vessels, or lacteals, of the small intestine arise in the vilU, and 



One-third n»tiiral siie. (J. Symingtan. ) 

form a mucous, a submucous, a muscular, and a subserous plexus. The vessels 
which pass from the jejunum and ileum ascend between the two layers of the 
mesentery, and enter the mesenteric glands, which are situated in the mesentery, 
mainly along the course of the blood-vessels, and in its root. The vasa efiereatia 

I Bryuit. ' Vb1t« ia tbe Veioi of tho Human Intettiaei.' BoiUm Jfidical and Statical Jowntd, October 
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from these glands form the truncus intestinal is, which ends in the cisterns chyli. 
The lymphatics of the upper part of the duodenum join the superior pancreatic 
glands, and those of its lower part terminate in the pa ncreat too -duodenal 
glands. 

The narres of the small intestine arise from the lower thoracic spinal nerves. 
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and pass through the great splanchnics to the cisliac plexus, where their fibres 
form synapses with the cells of the coeliac ganglia. From the cceliac plexus, non- 
meduUated fibres pass as the superior mesenteric plexus, with the artery of the 
same name, to the bowel. This plexus contains vaso-motor and vaso-dilator 
fibres for the blood-vessels ; motor and inhibitory fibres to the muscular coat, and 
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sensory and secretory fibres to the mucous membrane. The vagi probably 
contribute to the fibres in the superior mesenteric plexus. In the wall of the 
intestine are two gangliated plexuses : namely — between the two layers of the 
muscular coat and in the submucous coat. 



INTESTINUM CRAS8UM. 

The large intestine (inlestinum crassum) extends from the termination of the 
ileum to the anus. It is divided into the cacum (with the vermiform appendix). 
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the colon, and the rectum ; and the colon is again subdivided, according to ita 
direction or position, into five parts, called the ascending, transverse, descending, 
iliac, and pelvic colon. 

The length of the large intestine is usually about 15 metres to 2 metres ; being 
about one-fifth of the whole length of the intestinal canal. Its diameter, which for 
the most part greatly exceeds that of the small intestine, varies at different points 
and undeidifierent conditions from 2 cm. to 6 cm. As a rule, it diminishes gradually 
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from its commencement at the cracum to the lower end of the pelvic colon ; while 
the lectam tends to increase in size from above downwards', and may present at 
its lower end a well-marked ampulla. 



AND RELATIONS OF THE DIFFERENT PABTS OP THE LABOE INTESTINE. 

The Cjbcuu. — The intestinum cwcitm, or caput coU, is that part of the large 
intestine which b situated below the ileo-colic orifice. 

In maay esses it u difficult, by eztera&l examination, to det«niijne the precise position of 
the ileo-colic orifice and, consequently, of the upper limit ot the orecum j for the ileum does not 
pass transirersely into the large intestine, but runs obliquely upwards, and the adjacent walls 
of the ileum and aeecum are closely united for some diatance below the orifice (see Gg. 111). 
At the juQOlion of the median waUs of the ileum aud ascending colon, where the mesentery is 
attached, on invagination of both walls oooura to form the upper valve of the orifice (see fig. 127), 
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but it 19 frequently necessary to remove the peritoneum and some fat and blood-vessels before 
the furrow is seen. By the reflexioD of the anterior n-all of the cieaum and adjacent portion 
of the ascending colon, the orifice is exposed and the limits of the cecum displayed. 

The ctecum is normally situated in the right iliac fossa, above the outer half of 
the inguinal ligament. Behind, and laterally (see fig. Ill), is the iliacus muscle, 
covered by the parietal peritoneum. Between this peritoneum and the muscle, 
there are extra -peritoneal fat, the fascia covering the muscle, the lateral cutaneous 
and, sometimes, the geni to-femoral nerve. Not infrequently the vermiform 
appendix lies in the retro-ciecal peritoneal pouch. The anterior surface of the 
ctecum is normally in contact with the parietal peritoneum lining the anterior 
abdominal wall. The median or left side of the Cfficum is related to the terminal 
part of the ileum and some convolutions of the small intestine. The peritoneum 
covers it in front, below, and at the sides; behind, the peritoneum is usually reflected 
from the bowel, about the level of the ileo-colic opening, so that the whole of the 
posterior surface is covered. Occasionally, this reflection occurs a httle below 
the level of the valve, but more frequently the retro-ctecal pouch extends 
upwards for some distance on the back of the ascending colon. There is no 
meso-csecum. 
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In order to appreciate the significance of the variations in the position and form of the caecum , 
it is necessary to study the changes it undergoes, from early fetal until adult life, or even old age. 
The cecum appears about the end of the first month as an outgrowth from the caudal limb of 
a U-shaped loop of the intestine. This loop protrudes into the umbilical cord, but is gradually 
drawn into the abdomen before the umbilicus closes. The proximal portion of the loop grows 
more rapidly than its distal, and the convoluted small intestine thus formed comes to lie in front 
of the csecum. A rotation of the intestinal loop is produced by the unequal growth of its two 
limbs, by which the caecum is carried upwards and forwards towards the liver and in front of 
the small intestine. As this rotation continues, the caecum passes downwards and to the right, 
below the liver, and in front of the duodenum and the lower part of the right kidney; while the 
terminal portion of the ileum is moved downwards and to the right, so that the caecum gradually 
comes into contact with the right posterior abdominal wall. The caecum then descends into 
the iliac fossa in front of the ilio -psoas, and may even turn inwards across this muscle into the 
true pelvis. This pelvic site is acquired most frequently in old age, but it may occur even in 
childhood. I have a specimen, in a boy three years old, where the caecum crossed over the bladder 
to the left of the median line, and the ileo-colic orifice was cut across in making a median section 
of the trunk. The caecum may be arrested in any part of its course, and it may be included 
along with the jejunum and ileum in the mesentery. 

At first the diverticulum from the intestine shows no differentiation into the caecum and 
the vermUorm appendix, and, according to Broedel,* this differentiation occurs in two distinct 
, stages — a ^imary beginning at about the eighth week of embryonic life, and a secondary making 

its appearance at birEKTpl. 71). During fetal life, the distal portion grows slowly and uniformly, 
whfle the proximal part expands into a cone, to the apex of which the appendix is attached. 
At birth, the longitudinal fibres appear to be spread over the entire circumference of the caecum ; 
but these fibres soon begin to be arranged in three longitudinal bands, and the intervening 
portions tend to become sacculated. 

The caecum may be prolonged downwards in the adult as a conical process, with its axis 
approximately parallel to that of the ascending colon. This condition, however, is very 
rare. Toldt ^ has shown that even in early fetal life, the junction of the ileum with the large 
intestine is marked by a kink, so that the caecum is bent at a right or even an acute angle to 
the ascending colon. The caecum also tends to become curved, with the convexity pointing 
downwards and to the right, so that the apex of the caecum comes to lie behind and to the left 
of the basal portion. After birth, the longitudinal bands and the sacculations tend to become 
distinct. The bands unite at the root of the appendix, and from their position on the caecum 
are named anterior, postero-lateral, and postero-median. The areas between these bands are 
antero-lateral, antero-median, and posterior ; of these, the antero-lateral is usually the largest, 
most distinctly sacculated, and forms the lowest part, or apparent apex, of the caecum. The 
large size and the dependent position of the antero-lateral area are due to the direction of the 
caecum, and to this area being less supported than the other two, so that it yields more readily 
to internal pressure. Occasionally, the antero-inteinal area is as large as the antero-extemal, 
and if they are both distended, the caecum may present a bilobed appearance — more rarely, the 
antero-intemal may be the larger — and the anterior band lies near the lateral aspect. Parsons ' 
has drawn attention to the fact that, while the greater part of the caecum may acquire a tubular 
form, that near the apex remains conical. Such specimens are due to partial distension of the 
caecum, the conical portion remaining contracted, as is shown by its thicker walls and folded 
mucous membrane, while the proximal part has thin smooth walls. This division of the caecum 
into two parts appears to correspond to the two-lobed form of Delmar.'* In what is usually 
described as the common type, the whole caecum forms a single dilated sac, with the appendix 
attached to its inner and posterior aspect a little below the ileo-colic orifice. Treves * described 
this type as occuring in 90 out of 100 cases ; while Parsons met with it in only 10 out of 70 
specimens. As is the case with other hollow muscular organs, the size and appearance of the 
caecum are largely dependent upon the state of its muscular coat, whether contracted or relaxed. 
The frequency with which the saccular distended form is estimated to occur may be due in some 
cases to the caecum having been examined after being blown up with air and then dried. In 
formal hardened subjects, in which the caecum is examined in situ^ the conical contracted type 
is not so infrequent as various observers allege. A fairly distended caecum is about 6 cm. 
long and 7 cm. broad ; a pretty well contracted one measures about 3*5 cm. in length and 
2*5 cm. in breadth : distension, therefore, tends to increase its breadth more than its length. 

> Kelly, The Vermiform Appendix and its Diseases, 1905. 

' * Die Formbildung des menschlichen Blinddarmes und die Valvula coli,' SittungsberichU d. k. 
Akadamie d. Wissenschajlen, Wien, Bd. ciii., 1894. 

' * On the Form of the Ciecum,' Jour. Anal, and Phys., vol. xlii. 

* * Sur la forme da caecam,* Bibliographie anatomique. Supplement, 1906. 

i The Anatomy of the Intestinal Canal and Peritoneum in Man, 1885. 
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The prooeMiiui ▼ermiformis (vermiform appendix) is a narrow tubular 
diverticulum of the intestine, which is attached to the true apex of the csBcum 
and terminates in a free blunt extremity. Its origin is usually from the posterior 
and median aspect of the cseciim, a little below the ileo-colic orifice : this position 
being acquired, as already explained, by the unequal growth or distension of the 
walls of the primitive conical csecum. 

The width of the appendix is about 6 nmi., and its average length 9*2 cm. (Berry) ; 
but, while its diameter is fairly constant, its length is very variable. Berry ^ found 
it 3*1 cm. in two out of 100 cases. Fawcett ^ has reported its absence in two cases, 
and Piquard ^ in one. Numerous cases of long appendices have been recorded : 
according to Broedel,* the longest, 33 cm., by F. Grauer. 

The position of the appendix is very variable, but most frequently it is bent 
or coiled up behind the upper part of the csecum. It may, however, be comparatively 
straight, and point in almost any direction ; the relative frequency of its direction 
being, according to Broedel,^ as follows : (1) Into pelvis, (2) along iliac vessels, (3) 
to promontory of sacrum, (4) behind csecum, (5) under ileum, (6) lateral to caecum, 
(7) into iliac fossa,(8) amongst coils of small intestine,(9) median to csecum over ileum. 
It usually has a peritoneal fold — ^the meso-appendix — containing its vessels and 
nerves, which is attached to about half the length of the appendix, its distal portion 
being quite free and entirely surrounded by peritoneum. The proximal part of 
the appendix is more or less curved owing to the shortness of its mesentery. When 
the appendix passes upwards behind the caecum and ascending colon, it is usually 
devoid of a mesentery, so that it is fixed in position. It may occupy the anterior 
wall of a long retro-colic pouch, be covered in front by peritoneum, and attached 
to connective tissue posteriorly, or it may be entirely destitute of any peritoneal 
covering. The ascending type of appendix is considered to be due to an early 
attachment of the ascending colon to the posterior abdominal wall. 

In the maj(»ity of oases, the Termifoim appendix I>08se8se8 a small lomen throoghoat its 
entire extent, bat the cavity exhibits a distinct tendency to ondergo obliteration — ^independent 
of any inflammatory condition. This process advances from the tip, is an involution of the 
orgui, and demonstrates its retrogressive character. Out of 400 cases examined by Ribbert,* 
99, or nearly 25 per cent., had the lumen of the appendix more or less obliterated. In 50 
per cent, of the obliterated cases its distal fourth only, and in 3 per cent, the whole process 
was closed, while the remainder showed intermediate stages. This tendency to obliteration 
increased with age. 

The great majority of yn<^mmft^^« possess a cieoum» but it varies greatly in its development ; 
as a rule, it is very large in the herbivora and small in the camivora. In various mammals, the 
cscal diverticulum becomes differentiated into a proximal portion — the csecum proper — and a 
smaller distal portion — ^the vermiform appendix. This differentiation into two parts is as well 
mvked in all the anthropoid apes (gibbon, orang, chimpanzee, and gorilla) as in man ; but in 
the other primates, a distinct appendix is absent, the csecum either ending in a blunt, 
rounded extremity, or being pointed and thus showing a tendency towards the formation of 
an appendix, except in some lemurs where it is very clearly differentiated from the csecum. 

Various peritoneal folds and fossse occur in the region of the csecum, vermiform 
appendix, end of ileum, and conamencement of ascending colon. They vary in 
number, and still more in degree of development, but the following are fairly 
constant : — 

The lleo-oollo fold (superior ileo-csecal fold of Treves) is situated between the 
ileum and the ascending colon. It springs from the ventral surface of the mesentery 

I * The Anatomy of the Vermiform Appendix,* Anat. AnzeigeTf Bd. x., July 1896. 
3 Proe. Anat. Soe. of Oreat Britain and Ireland^ February 1900 ; Jour. Anat. and Phye., vol. zzxiv. 
3 BvUeHn de la SooUu anat. de Paris, 1900. 
* Kelty, • Ths VtmUform Appendix, p. 136. 
« Ibid., p. 126. 

** * Beiti^ge znr normalen und pathologischen Anatomie des Wormfortsatzes,* Virehow*t Arch., 
Bd. cxxxii, 1893. 
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and passes, in front of the termination of the ileum, to the adjacent part of the 
colon, sometimes extending downwards, slightly on to the front of the caecum. 
Its free border is concave, and directed downwards and inwards. This fold 
contains some of the anterior branches of the ileo-colic artery, lymphatic vessels, 
and frequently several small lymphatic glands. Behind this fold is an ileo-colic 
(superior ileo-csecal of Treves) fossa of varying depth. The largest Treves met with 
in a hundred subjects admitted the thumb up to the root of the nail. 

The lleo-o»oal fold (fig. 110) (inferior ileo-csecal fold of Treves), usually much 
larger than the ileo-colic, is attached above to the anti-mesenteric or free border of the 
ileum for from 2 cm. to 3 cm., and on the right side to the median aspect of the caecum, 
while its lower border is free. This fold was described as * bloodless ' by Treves, 
as compared with the ileo-colic which is developed by the arteries passing to the 
front of the caecum. It contains a few fine blood-vessels, and forms the anterior 
boundary of the ileo-caecal fossa, which will sometimes admit two or three fingers. 
This fold is the primitive mesentery of the caecum, and is formed between the caecum 
and the adjacent portion of the ileum as the caecal pouch grows out. The fossa 
behind this fold — ileo-caecal — (inferior ileo-colic of Treves) is nearly always present, 
and will generally admit two fingers up to the second joint (Treves). The opening 
of the fossa is below and to the left. 

Retro-oaeoal and retro-oollo foBS». — These are often absent, and, when 
present, vary in depth, number, and position. The peritoneum covering the posterioir 
aspect of the caecum may be reflected on to the iliac fossa along a straight line, 
and then the retro-caecal fossa is absent. In other cases, the line of reflexion is 
irregular, and gives rise to one or more pouches open below and having their blind 
extremities upwards. These recesses may be broad and shallow, or narrow and 
deep, and in the latter case they pass upwards behind the ascending colon, 
sometimes nearly as far as the hepatic flexure. They may be placed directly 
behind the caecum, and towards its median and lateral aspects ; the deepest recess 
is usually found near the median aspect. 

The posterior surfaces of the caecum and ascending colon are at first covered 
by peritoneum, but imion subsequently occurs between this peritoneum and the 
parietal layer behind it. If this union takes place along two or more vertical lines, 
the intervening areas form one or more peritoneal pouches. These fossae are only 
seen after the caecum is turned upwards. Sometimes the vermiform appendix 
ascends in the anterior wall of a retro-caecal fossa, and, should this peritoneal pouch 
become obliterated, the appendix lies in the connective tissue behind the caecum 
and ascending colon, and is destitute of a serous covering or mesentery. 

Colon. — ^The asoendlnr colon is continuous with the caecum at the level of 
the ileo-colic opening. It passes upwards and somewhat backwards towards the 
liver, below which organ it ends by turning forwards and to the left, this bend being 
termed the hepatic flexure of the colon. Its length depends on the extent to which 
the caecum descends, and, should the latter remain in contact with the liver, no 
ascending colon is formed. On an average, it is about 12 cm. long. Starting below 
at the level of the ileo-colic orifice, it passes upwards, resting on the iliacus muscle, 
and having the transversalis abdominis muscle on its outer side. It then goes 
in front of the iliac crest, and ascends in the lumbar region in front of the outer 
part of the quadratus lumborum muscle, until it reaches the liver, near the tip of 
the eleventh rib. At its termination, the lower end of the kidney lies internal to 
it. As a rule, the part of the ascending colon, below the iliac crest, is rather longer 
than that above the crest. The commencement of the ascending colon is usually 
in contact with the anterior abdominad wall, but, after a short course, it may become 
overlapped by convolutions of the jejuno-ileum or a descending limb of the transverse 
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colon. The peritoneum normally invests it in front and at the sides, but 
leaves the posterior surface uncovered. Transverse folds pi peiitoneum are 
occasionally found extending from the front of the ascending colon to the lateral 
wall of the abdomen. It may be included with the jejuno-ileum in the common 
mesentery, a persistence of the fetal condition, or the retro-csecal oi ileo-cieca] 
pouch may extend upwards for a variable distance behind it. The vermiform 
appendix, with or without a peritoneal covering, is not infrequently a posterior 
relation. 

The traiisTsrss oolon extends across the abdomen from the hepatic flexure — 
which is ^tuated on the under-suiface of the right lobe of the liver, lateral to the 
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gall-bladder and median to the eleventh right rib — to the splenic flexure, a sharp 
bend on the colon placed opposite the ninth left rib, and just below the spleen. 
It is not uncommon to find the two ends of the transverse colon lower than the 
points just mentioned ; but their relative position is usually maintained, the splenic 
flexure being higher up and farther back than the liepatic. Between these two 
points, the transverse colon generally forms a loop directed downwards and forwards ; 
but its course across the abdomen is very variable, as can readily be appreciated 
when we realise that its principal relations are movable hollow viscera, its peritonea) 
connexions such as permit of free mobility, and that its length varies from less than 
25 cm. to more than 50 cm. It frequently crosses the median plane at the level 
of the umbilicus, but it may do so as high as the enslform cartilage, or as low as 
the pubea. 

Above, the transverse colon is in contact with the under-snrface of the liver, 
the gall-bladder, the great curvature of the stomach, and the lower end of the 
spleen. It is covered in front by the great omentum. On the right side, some coils 
of the small intestine may lie anterior to it, while near its termination it is often 
behind the stomach. From the hepatic flexure, it passes forwards and inwards, 
over the lower end of the right kidney and the second part of the duodenum, and 
a small piece of the head of the pancreas ; and it is united to these structures by 
areolar tissue, or attached by a short peritoneal fold. In the rest of its course 
it has behind it some of the convolutions of the jejunum and ileum. The two 
layers of the transverse meso-cdon are attached opposite its upper or mesenteric 
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tsenia, and, after inTesting the colon, they join at the omental tsenia, to become 
continuous with tl^ great omentum (fig. 125). The part of the tranaveTse meso- 
colon, which is often found in front of the duodenum, is formed entirely by the great 
sac, while that to the left of the duodenum ia derived from both great and small sacs. 
The terminal few inches of the transverse colon often go almost directly backwards. 



fe;^ 




V-^ f^'^^A 




Km> 




xa^^^^^ 




Fro. 118. — HoBiKWiu. srenoN 








1 WTTOi 8 (M. LOMO. (J. 


Fia. 114.— HOKnoKML SIPTIOK TBBODQH AUDOMIt 




OF i nnix-iiairTHs' Htdb. (J. Symington.) 










body of vntebnt. 


L.V.. Iiuabu vstnbn. 



The dsBoendlnr ootoD is continuous with the left extremity of the transverse 
colon at a sudden bend, named the sjilenw flexure, which is higher up and farther 
back than the hepatic flexure. At this bend, there is found a fold of peritoneum — 
the costo-colic or phrenico-colic ligament — ^which stretches with a lunated free 
bolder to the colon from the diaphn^m, opposite the tenth or eleventh rib. As 
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was pointed out by Haller, it supports the spleen, although unconnected with that 
organ, and may be termed ' sustentaculum lienis.' From the splenic flexure, 
the colon descends in contact with the outer border of the lower half of the left 
kidney. 

At the lower end of the kidney it may turn inwards a little, and then descend 
near the outer border of the peoas muscle to the iliac fossa, where it joins the iliac 
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colon ; or it may go straight down, near the outer border of the qaadiatiis lumbonim, 
leaving an interval between it and the psoas muscle, which is occupied by some 
convolutions of the jejunum (see fig. 83). The descending colon is often found 
empty and contracted, and covered in front by small intestine. It is about 10 cm. 
long, but Ukay be shorter oving to a low position of the splenic flexuie. 

In a young fetus (see fig. 113), the descending colon has a relatively long meso- 
colon, which is attached to the abdominal wall int«mal to the kidney, then passmg 
outwards in front of that organ it joins the colon. This meso-colon is obliterated 
before birth (see fig. 114), probably by a blending of its post«rior layer with the 
peritoneum in front of the kidney. After fetal life, the descending colon is generally 
covered by peritoneum on its anterior and outer surfaces ; the posterior and inner 
surfaces being uncovered. 

Occaaionidly, especially when the colon is empty, the peritoneum lies behind th« 
onter part of the posterior surface (see fig. 115); but the existence of a distinct 
deecending meso-colon is rare. 

The llUto ooloB begins at the iliac crest, and passes downwards and inwards 
in the iliac fossa to the brim of the pelvis, where it joins the pelvic colon. Some- 
times (see fig. 85) it occupies the 
outer and lower part of the iliac 
fossa, first descending internal to 
the iliac ciest and then turning 
inwards near the upper border of 
the inguinal figament. In these 
cases, it lies in contact with the 
anterior abdominal wall, and the 
coils of the jejuno-ileum are in 
relation with its upper and inner 
borders. On the other hand, the 
iliac colon may descend along the 
onter border of the psoas, and then 
turn inwards over this muscle, 
some littie distance above the 
inguinal ligament. Under these 
circumstances, the small intestine 
separates it from the anterior 
abdominal wall and occnpies the 
outer and lower part of the iliac 
fossa. This latter position is 
usually associated with an empty 
and a contracted iliac colon, and 
it is probable that, on distension, 
the iliac colon would push the '■'■ Symington.) 

small intestine aside and occupy 
the onter and lower part of. the 

fossa. Intermediate conditions are met with in which, on reflecting the anterior 
abdominal wall, part of the iliac colon is visible, the remainder being concealed 
by the small intestine. The ihac colon is about 12 cm. long. In the greater part 
of its ext«nt it rests on the iliacus muscle, but its terminal portion is in front 
of the psoas muscle. There is, as a rule, no Uiac meso-colon— the peritoneum 
covering it only in front and at the sides ; and the posterior surface is con- 
nected by cellular tissue with the iliac fascia. Should a mesentery be present, 
it is a short one and limited to the terminal portion. 
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Thep«lTlo colon > estenda from the median bonier of the left psoas muscle to 
the front of the third sacral vertebra. It is distinguished from the iliac colon and 
the rectum, between which it intervenes, by having a mesentery^— the pelvic meso- 
colon. The important variations in its length and position are associated with 
the condition of this mesentery. If this is short, the pelvic colon passes backwards 
and downwards on the side wall of the pelvis, and gradually inclines inwards to 
end near the median plane in front of the third sacral vertebra. Usually, however, 
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the mesenter)' is long, and the pelvic colon forms a freely movable U-shaped loop, 
whicli may either hang down into the pelvis or, more rarely, project upwards into 
the abdomen (see fig. 116). When dipping down into the male pelvis, it may come 
into contact with the bladder, rectum, and coils of small intestine. In the fumale, 
it is usually in relation with the left ovary and uterine tube, but it may extend 
across the pelvis to the corresponding structures on the right side. When projecting 

> TXt colon dtteeitdeTU of the B.N.A. includes the dcacendiug and ilino coloiu, u deacribed ftbore. snd 
ite ealon n^moiiJuin i> equirolent to our pelvic colon, sioept that tba termiiuil portion oC the peine colon ■• 
included andor the ratun in the B.S.A. 
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(J. Symingtoa.) 
The bladder contained abont 3 oz. of uiiue, and there were aome fectA in the lower part of the rsctom. 
JKh L.V., bod; of fifth lumbar vertebra i 8, OD body o( second sacral vertebra ; F.S., pubio symphysis j 
RR.. rectum ; P.R., a plioa transveTsalis recti ; A.C., anal csna!. with its longitudinal folds of mucous 
meoibraiie — the colnnina of Uorgagni. The tissue between the anal canal and the coccyx constitute the 
ano-coGCygeal ixidy. 1.3-, intemal sphincter ^ E.8., external sphincter; L.A., levator ani ; K.C.. recto- 
eoccygeusmnscle; BL. bladder ; P, P', P'. pioatate gUind ; P. its middle lobe, between F and pi, the common 
ejaculatory duct ; M, membranous part of uretbraj S., cavernous part of urethra : C.C. corpus cavemosum 
penia; O., glans penis; B., bulb of corpus cavemosam nretbtie; B.C., bulbo-oavemosua muscle; P.. supra- 
pobio piid at fat; F', retrthpubic pad ) p, peritoneum. 
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into the abdomen, it often reaches as high as the umbilicus, and Coruiug ' figures a 
specimen where it was in contact with both the liver and the stomach, and measured 
1 metre in length. 

The attachment of the pelvic meso-colon to the body-wall begins at the psoas 
muscle ; it then crosses the iliac vessels near the bifuTcation of the common iUac, 
and, turning somewhat abruptly downwards and inwards, is situated in front of 
the upper two pieces of the sacrum. The meBo-colou is short towards its two 
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extremities, but the middle portion often measuTcs 8 cm. to 10 om. in length, and 
thus permits the pelvic colon to form a long U -shaped loop. OocasionaUy , the base of 
this portion of the pelvic meso-colon is quite narrow, the two ends of the loop being 
scarcely an inch apart. When the pelvic meso-colon is thrown upwards, a funnel- 
shaped recess is often found behind ita root, which extends upwards for a variable 
distance along the course of the left ureter. 

The pelvic colon ia reUtively mach longer, in relation to the other portions of Uie lu^ 
iat«stine, daring feUl life than in the adolt. Tievea found that in the tull.time fetus, die 
peMo colon was 10 inches long, and the reat of the large intestine I foot. At this period, the 
pelvic cplon lies almost entirely in the abdomen, and often reaches ovet into the right iliac 
foBBa. For several months after birtll, the pelvic colon diminishes in length, vhile the rest 
of the colon grovs, so that the adult proportions sre soon attained. 

The rectnm begins in front of the third sacral vertebra, where it joins the pelvic 
colon, and terminates on the pelvic Hoor by passing into the anal canal. It fiiTt 
inclines downwards and somewhat backwards^ and then graduaUy curves forwards 
and downwards ; in addition to the main sagittal curve, it frequently exhibits 
several lateral bends — especially when contracted. Its aven^ length is about 

1 LfMutA dcr topo^opifacAfli ARotoaat. Zveitc Auflsge, WKabaden, 1906, fig. 363. 
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12 cm. to 15 cm., but distenBion tends to increase ita length and GtrtiighteD its course. 
' When empty and contracted, it may have a diameter ol 2 cm. (see fig. 228). On 
di&tenaion it has a saccular form, and increases in size from above downwards ; 
the lowest sacculation, called the ampulla, may attain a diameter of 12 om. It 
has DO mesentery, and, as the pelvic colon is provided with one, the place whete 
the bowel loses its mesentery is considered to mark the colo-rectal jimction. 
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A spliiiicter muscle and a fold of mucous membrane have also been described as 
indicating the point of union. 

The posterior surface of the rectum rests, from above downwards, on the lower 
part of the sacrum, the coccyx, and the posterior portion of the pelvic floor. 
Occasionally, there is a considerable amount of fat between the rectum and the 
sacrum. The relations of the anterior surface vary, according to the sexes and the 
state of the bladder and rectum. If the male bladder is full of urine, and the rectum 
contains a quantity of fioces, these two organs are in close contact, and the recto- 
vesical pouch is reduced to a narrow cleft ; when these organs are empty, a large 
space is formed, which is occupied by the convolutions of the jejuno-ileum and 
the pelvic colon. Below the bottom of the recto-vesical pouch, the anterior surface 
of the rectum lies in relation to the lower parts of the ductus deferentes and of 
the seminal vesicles, a small area of the bladder, and the prostate gland. Just 
below the apex of the prostate, the anterior wall of the rectum turns downwards and 
backwards; but occasionally a pouch is formed in this situation, directed towards 
the membranous part of the urethra (see £g. US). On each side of the upper part 
of the rectum there is a para-rectal pouch of peritoneum, and, behind and below this, 
some para-rectal connective tissue. The sides of a distended rectum may be in 
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close contact with the ureters and the outer part of the Beminal vesicles. In the 
female, the pouch of Douglas may be empty, and the lectnm be closely approxi- 
mated to the uterus and upper end of the vagina (see fig. 119). or the pouch may 
be occupied by intestines. Below the peritoneum, the anterior wall of the rectum 
is closely apphed to the vagina. 

The rectum is surrounded by a rather loose and fatty mass of connective tissue, 
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of peritonoum ; v.dtf., ductus deierens ; p.e., peritoneal cavitj. 

external to which is a more compact layer separating it from the sacrum behind 
and the genital organs in front. 

The anal canal ^ {para analU recti) is the terminal portion of the alimentarj' tube , 
which is surrounded by the sphincters of the anus. Its lumen forms a median slit 
in the pelvic floor, opening above into the rectum and below into the cleft, between 

I J. Symington. 'The R«tum and Aoiu,' Jov Anat. and Phyi., vol. niii., 1888 i and 'Further 
Ohaemtion* aa the Rectum and Anal Canal.' tMd., vol. ilvi.. \9\2. 
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the two buttocks. The canal is directed downwarda and backwards, and measures 
about 25 mm. in length when the rectum is empty, but ia somewhat shorter when 
the rectum is distended. Its antero-posterior extent is from 10 mm. to 15 mm., 
and in both sexes it begins 2 cm. to 3 cm. in front of the tip of the coccyx. The 
mass of tissue between the two forms a part of the pelvic floor and is known as the 
ano-coccygeal body. External to its muscular wall, is the fat of the ischio-rectal 
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fossa. Its anterior relations vary according to the sex. In the male, the bulb 
of the penis is rather more than 1 cm. in front of it; while in the female it is 
separated from the lower part of the vagina and the pudendal opening by the 
perineal body. 

APPEAKANCE AND NAEED-EYE STBUCTURE OF THE LABOE INTESTINE. 

The large intestine has four coats, like those of the stomach and small intestine : 
namely — the serous, muscular, submucous, and mucous. 

The s«roaa coat is for the most part similar to that of the small intestine, 
except that, along the colon, it is prolonged into numerous projections, enclosing 
fat, which are called apjKndices epiploiccB. These appendices vary greatly in size, 
and in stout individuals may be 4 cm. to 5 cm. long, give off a number of secondary 
processes, and be loaded with fat. On the vermiform appendix, the serous membrane 
ia smooth and closely adherent to the subjacent muscular fibres; but two rows 
of appendices epiploicee, one on each side, project from its mesentery close to the 
appendix. Occasionally, some rudimentary appendices epiploicfe are found on 
the free surface of the vermiform appendix. The epiploic appendages are found 
along the whole of the colon, and are usually best marked on the transverse colon 
and the pelvic colon. They are seldom conspicuous on the cfecum, and, on the 
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ascending and deaceading colon, are mainly attached to the median and lateral 
surfaceB, while on the transverse colon, they spring almost entirely from ita posterior 
suriace, being attached betwe«n the two longitudinal muscular bands, tenned 
tenia meso-colica and tsenia libera, and, when wdl developed, also from the adjacent 
part of the transverse colon. On the pelvic colon, they often form two somewhat 
irregular rows, situated on each side of the bowel ; they gradually become smaller 
in size and fewer in number towards the end of the pelvic colon, and they are absent 
from the rectum. 

The miuonlar ooat consists of external longitudinal and internal circular 
fibres. On the Cfecum and the ascending, transverse, and descending colons, the 
longitudinal fibres are arranged In three bundles, known as ttenn coli, the intervening 
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parts of the wall being almost destitute of longitudinal fibres. These three bundles 
unite at the attachment of the vermiform appendix to the ciecum. From this 
point, an anterior taenia, or tcsnia libera, passes on to the front of the caecum, and then 
ascends in a similar position on the ascending colon. At the hepatic fiexure, owing 
to a rotation of the transverse colon on its long axis, it turns on to the posterior 
surface of the transverse colon, regaining its former position at the splenic flexure, 
so that it descends on the front of the descending colon. The other two bands 
are termed postero -lateral and postero-median. The postero-median ascends from 
the vermiform appendix behind the termination of the ileum, at the upper border 
of which it bridges over a distinct inflexion of the intestinal wall which forms the 
upper lip of the ileo-colic valve. On the transverse colon, this tsenia is on the upper 
border at the attachment of the transverse meso-colon, hence it is called taenia 
meso-colica. In the descending colon, it again becomes postero-median in position. 
The postero-lateral ttenia occupies this position on both the ascending and descending 
colons, but is in front of the transverse colon where the great omentum is attached 
{t(enia omenlalis). 

In the empty contracted condition of the colon, these tffiniie are about 6 mm. 
broad and 1 mm. thick ; but, as the bowel is distended, the? become broader and 
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thinner. Measured from end to end, these three bands are shorter than the inter- 
veoing parts of the tube, and the latter are thus thrown into sacculi, accordingly, 
when the bands are removed, the saccuh are entirely e&ced, and the colon, elon- 
gated considerably, assumes the cylindrical form. The transverse constrictions seen 
on the exterior of the intestine, between the saccuh, appear on the inside as ridges 
(pliccB semilunarea colt), and the sacculi as recesses (haustra coli). 

The longitudinal fibres form a fairly aoiiorm layer, about 0*2 mm. in thickness, 
in the appendix. In the iUac colon, the anterior and the postero-lateral teenite 
of the descending colon tend 
to nin together, forming an 
anterior or free taenia. These 
two tteniae, with two rows of 
sacculi, are found on the pelvic 
colon, and the longitudinal 
fibres are continued down the 
front and back of the upper 
part of the rectum, but, to- 
wards its lower end, they are 
found all round the rectum 
(see fig. 122), and are then 
prolonged into the wall of the 
anal canal external to the 
internal sphincter of the anus. 

The circular muscular fibres 
have the same general arrange- 
ment as in the smaU intestine, 
but they are thicker opposite 
the intervals between the 
sacculi of the colon and the 
transverse folds of the rectum 
than over the surface generally. 
At the lower end of the 
rectum, the circular fibres are 
continuous with the internal 

sphincter of the anus. A pair 

of small bands of plain mus- 
cular tissue, which arise from the front of the second and third coccygeal vertebree, 
and are also connected with the pelvic fascia, pass with a slight downward 
inclination to the posterior part of the anal canal (see fig. 118), and become 
intermingled with its longitudinal fibres. They are known as the recto-coccygeal 
muscles. The submucous or areolar coat resembles in all respects that of the 



Fra. 124. — OBLKtDE OaBONU, SKI^nOH or AHM. CiSH^ ITC., 

IK « voDBa tDCLT lULi. Nstunl lizs. (J. armingtoo. ) 

B.. tavity of bladder; V.D., dootm defsreM; S.V., 

Bminal leaicls; R, reotnm i A.C., atuI huuI; L-A-i levator 

ni 1 I.8., internal ■phinoter of anna ; E.8., external sphiDCter 



The mnoon* membrane differs from that of the small intestine in being 
destitute of viUi. Viewed with a lens, its surface is seen to be marked all over by 
the orifices of numerous tubular glands {crypts of Lieherhuhn, fig. 104), resembling 
those of the small intestine, but longer and more numerous, and further dis- 
tinguished from them by the large number of mucous cells which they contain. 

Scattered over the whole large intestine, lymphoid nodules are found — similar 
to the soUtary glands of the small intestine. They are most numerous in the 
ceecum and its vermiform appendix, being placed closely all over the latter. 

When the large intestine is empty and firmly contracted, its mucous membrane 
is thrown into numerous folds : sometimes definitely longitudinal in direction, mote 
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frequently in an irregular manner. As the intestine begins to distend, its wbIIb 
jrield unequally to the internal pressure, and saccular dilatations are formed, the 
lining ol which is smooth, while in other situations the folds of mucous membrane 
run in various directions. As the disteuaion progresses, most of the folds disappear, 
but a few remain as transverse or oblique crescentio shelves, projecting towards 
the lumen from about one-half of the circumference of the wall. Such crescentic 
folds may be found in any portion of the large intestine when distended, but they 
are usually best marked in the ascending and transverse colon and in the rectum. 
They usually correspond to a flexure of the bowel, and consist, in addition to the 
mucous and submucous coats, of some fibres of the circular muscular layer. 

In the rectum, these folds {jilicce transversales recti) were described by J. Houston i 
as valvular ; 0. Kohlrausch ' named the most prominent one, plica iTansversalu 
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recti ; while more recently, W. J. Otis * has published a detailed account of their 
anatomy. The most constant and best-developed fold is situated on the right 
side, and usually extends farther on the anterior than on the posterior wall. It is 
nearly opposite the reflexion of the peritoneum from the rectum on to the bladder, 
in the male, and on to the upper part of the vagina in the female. The distance of 
this fold above the verge of the anus is about 6*5 cm. (Otis), but should the rectum 
below this level be considerably distended, it may be increased to nearly 10 cm. 
Paterson * has proposed a division of the rectum into an upper and a lower part, 
this plica marking their separation. 

Occasionally, a plica is found below this, and one or more above it, Otis showed 
that, by placing the body in the genu-pectoral position, avoiding any pressure on 
the front of the abdomen, and opening the anus with retractors, the rectum was 
distended with air and two to five plicte exposed to view. When the rectum is 
removed from the body and distended, it does not form a uniform cylindrical tube, 

I Viem of iSt PdviM. Dublin, 1820 ; and ' ObwrvstiODi on the Uucoua HembruiB of the Rectum,' 
DvHin Eotfilat RtporU, thI. t., 1830. 

' ZuT Analomit xmd Pligtiiilnsii da- Beeirttorsani. Leipzig. ISM. 

1 AnatoTniad Rtuarcfiu in Hit Hvinat Srdam, Ij'ipiig, ISflT. 

' ' The Form of the Rectum,' Jour. Anai. and Phyi., vol llviii., Janaaiy IBOB. 
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but extiibits lateral and more or leas regularly alternating conBtrictiona with saccular 
dilatations between tbem. The pllcee are the reverse of the constrictionB. 

The mucous membrane of the rectum is thicker, redder, and more vascular than 
that of the colon and it moves morfi-ireely upon the muscular coat. 

Oriflos of the appendix. — In the cEecum, two ori&ces are seen : namely — 
those of the vermiform appendix and ileum. Towards the true apex of the 
csBCum — especially when conical — the mucous membrane may be thrown into a 
number of more or less concentric folds, and one, two, or three of those situated 
close to the orifice of the appendix may simulate a valve. Not infrequently, a 



Fio. ISe. — Ahtebo-exteuiu, wall or oxcuii and oomiBHCuunT o 

aaow iLEO-ooLtc oKinci, ITC From ■ api^ciaiea hixdened in lilu, (Drawn b;G. CR. HubiuioiL) 
a. Bower end ot ilsnm ; b, its meHDtBc; ; c, c, cscum ; d, orifioe of vermifacnt appendix ; e. iteCMKilic 
crifice ; /, upper or iteo-colic eegment of iim valve ; ff, lower or ileo-cffical Begraeat ; h, ascending eoloo. 

semilunar fold is present at the upper part of the orifice, and is often known as 
Gerlach's valve. It is doubtful if any of these folds form reaUy competent valves, 
preventing the contents of the ctecum passing into the appendix. 

Xl«o-collo orffloe and valv« {valvula coli). — This orifice appears as a 
transveTse or oblique ^t, about 1 cm. to 1'5 cm. in length, on the posterior wall 
of the large intestine at the junction of the ctecum and ascending colon (see %. 126). 
It is guarded by a valve composed of two segments or folds, which project into the 
large intestine. The upper of the two folds (see fig. 127) is horizontal, and the 
lower oblique. At each end of the aperture, these folds coalesce, and are then 
prolonged as a single ridge on each side tor some distance round the cavity ot the 
intestine, forming the/rtwia or retinocub of the valve. When dried, after distension 
of the intestine, the valves appear thin with sharp edges, but in the moist condition 
they are thick and the boideis rounded. Sometimes the lower valve does not 
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project forwards as far as the upper, and its free border is concave. The opposed 
surfaces of the valvular folds which look towards the ileum and are continuous 
with its mucous surface are covered like it with villi, while their other surfaces, 
turned towards the large intestine, are smooth and destitute of villi. In the fifth 
month of fetal life, both surfaces of the iieo-colic valve possess villi ; but by the 
ninth month, the villi on the colic aspect of the valve are represented by only a 
few stunted processes (Lauger). 

Each segment of the valve consists of two layers of mucous membrane, 
continuous with each other along 
the free margin, and including 
between them, besides the sub- 
mucous areolar tissue, a number 
of muscular fibres, continued from 
those of the ileum and of the large 
intestine — in fact, all the coats of 
the intestine except the s^ons. 
Xhe muscular coat is thin, and 
consists mainly of circular fibres ; 
but, accordii^ to Toldt, some longi- 
tudinal fibres are present, which 
are visible in sections examined 
a '^ under low powers. The function 

of the ileo-colic valve is to prevent 
the intestinal contents passing from 
. the large into the small intestine. 
j^ Its valvular action is independent 

of muscular contraction, as air or 
b fluid forced into the lai^ intestine 
in the cadaver does not generally 
find its way into the ileum. It is 
probable that the distension of the 
ctecum presses the walls of the 
ileum against one another much 
in the same way as the urine is 
prevented from passing from the 
bladder into the ureters. Some 
consider that distension of the 
cEocum stretches the trenula, and 
the lips of the opening are thus 
drawn together. The muscular fibres in the ileo-colic valves are too feebly 
developed in the human subject to have any appreciable sphincteric action. 

Dcbicrre [Lyon XediaU, November 1885) mode a aerieB of expcrimenta to determine tba 
competoncy of thii valve by injecting, per rtctam, air ot water, with the intestiuoi in ntu, and 
he found that it permitted these to pass from the large to the small inteatine in the proportion of 
about two out of three. When competent, however, it reeiated the pressure of a colamn of water 
from 3 metres to 4 metres in height, the large intestine finally rupturing without a drop of fluid 
having passed through the ileo-oolic ortGce. He considered that, in tho cases of incompoteooy, 
the CKcal segment of the valve was shorter than the colic, vhile in the others it was as long or 

Birmingham has recorded a case of absence of the ileo-colic valve, and Strutheis has described 
several specimens in which the valve was imperfectly developed. 

The ileo-colic valve begins to appear in the eighth to the tenth month of fetal life at an 
inv^ination of the ileum and of the adjacent walla of the CKCum and colon into the largo intestine, 
and by the middle of fetal life it has developed iuto a blunt conical process, blocking up neariy 



Em. 127. — Lonoinmnfu. a: 



TKl catooii. Viewed mainly from the left aide. 

(J. Symingtoo.) 
a, anhvo-extomal wall of onMum : b, cavity of ileum i 
c. kiwer or ileo-oncial HgmBnt of ileo-coliB vbItb ; d, upper 
or ileo-floUo aegmeat ; e, frsnaluTn on right ^e of ileo^dio 
opening ; /, aKending colon ; jr, vermiforni appendix with 
iti mesenlery ; k,h, h, paitooeum. 
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the whole of the adjacent cavity of the boweL Towards the end of fetal life, and during early 
infancy, the large intestine grows more rapidly than the valve, so that the latter becomes relative^ 
smaller in comparison with the diameter of the boweL When the ileum is invaginated into 
the large intestine, a sharp bend is formed between the cecum and colon, and the postero-median 
or mesenteric tenia of the longitudinal muscular coat bridges over the indentation and forms 
what has been described by Kraus * as the lutbenula cced. 

The wall of the anal canal differs in its structure from that of the intestine 
in being lined partly by skin and partly by mucous membrane, in the addition 
of striped to its non-striped muscle, and in the complete absence of a serous coat. 

If the lower part of the rectum is empty, the longitudinal folds of its mucous 
membrane are prolonged down the upper part of the anal canal, and the 
radiating folds of skin below the canal extend a short distance up. An 
intermediate zone may be recognised, which in children is marked by a variable 
number of small recesses, called the anal sinuses, which open upwards and are 
bounded towards the lumen of the canal by semilunar folds — the anal valves. 
These structures usually disappear before adult life. This intermediate zone 
is covered by stratified squamous epithelium, and it probably corresponds to the 
union of the hind-gut with the proctodoeum. 

The circular muscular fibres of the rectum are continuous with a mass of non- 
striped fibres which surround the whole length of the anal canal and form the 
internal sphincter ; while the longitudinal fibres of the rectum pass down the wall 
of the anal canal external to the internal sphincter and terminate in connective 
tissue which passes between some of the bundles of the external sphincter. These 
longitudinal fibres are joined by others, derived from the levator ani (see fig. 123), 
and probably assist in drawing up the skin which is protruded during defsecation. 

The voluntary muscles round the anal canal are the external sphincter and the 
pubo-anal portions of the levatores ani (see fig. 123). With the internal sphincter, 
they form a mass of muscular tissue, the primary function of which is to close the 
anus. They may also assist in the expulsion of the faeces by contracting in a 
vermicular manner from above downwards. 

Blood-vessels, lympliatlosy and nerves of the larce intestine. — The 
large intestine is supplied almost entirely by branches of the superior and inferior 
mesenteric arteries, but the lower end of the rectum and anal canal also get blood 
from the middle and inferior hsemorrhoidals. The superior mesenteric supplies the 
portion of the large intestine developed from the caudal limb of the intestinal loop, 
which projects through the umbilical opening in early fetal life : namely — the caecum 
with its appendix, the ascending colon, and the right two-thirds of the transverse 
colon, while the inferior mesenteric gives branches to the portions of intestine 
formed from the hind-gut: namely — the left third of the transverse colon, the 
descending iliac and pelvic colon, and the greater part of the rectmn. The branches 
of the superior mesenteric to the large intestine are the ileo-colic, the right colic 
(not constant), and the middle colic. The ileo-colic passes downwards and to the 
right in the root of the mesentery and gives branches to the end of the ilemn, the 
vermiform appendix, the caeciun, and the lower part of the ascending colon. The 
appendicular branch descends behind the ileum, and runs in the meso-appendix — 
usually, close to its free border. This artery can be traced along the whole length 
of the appendix, and it usually gives off about five branches to it. The anterior 
csecal branch passes into the ileo-colic fold and ramifies over the anterior surface of 
the caecum, while a posterior caecal goes to the back of the caecum. The right colic 
passes outwards, behind the peritoneum, to reach the ascending colon, and divides 
into branches, which anastomose with the ileo-colic and middle colic. The middle 

1 ' Zar Anatomie der Ileo-ctecalklappe,* Arch, f. Jdin. ChirvrgU, Bd. xUt., 1892. 
VOL. n. PABT II. K 



130 DIGESTIVE SYSTEM 

colic arises just below the head of the pancreas, and enters the transverse meso-colon. 

It divides into two branches, which, generally, again subdivide, and they anastomose, 

forming a series of arcades lying near the colon. The left branch forms a long 

arcade with a branch of the left colic, and below this arcade there is a considerable 

area of the meso-colon almost destitute of blood-vessels. The inferior mesenteric 

artery arises from the aorta — usually imder cover of the third part of the duodenum. 

It inclines downwards and outwards, passes over the left common iliac artery, and 

descends into the pelvis behind the root of the pelvic meso-colon to terminate as 

the superior hsemorrhoidal. The left colic is a large branch, which comes ofE near 

the origin of the inferior mesenteric, and courses upwards and outwards to supply 

the descending colon, and anastomose with the middle colic. The sigmoid branches 

come off from the inferior mesenteric — ^with the exception of the upper one, which 

often arises from the left colic — ^and supply the iliac and pelvic colon. The colic 

and sigmoid arteries form a continuous series of anastomosing arcades along the 

course of the colon, but the anastomosis is not so free between the two lowest 

sigmoid branches and between the lowest sigmoid and the superior hsemorrhoidal 

arteries. 1 

The most important artery for the supply of the rectum is the superior hsemor- 
rhoidal. It is a single vessel which descends behind the rectum and then divides 
into two branches, which pass downwards, one on each side of the rectum. 
Their lower branches pierce the muscular coat, and run in a longitudinal 
direction under the mucous membrane, and anastomose freely with one another. 
In the anal canal, they lie in the longitudinal folds of the mucous membrane, and 
reach nearly as far as the verge of the anus. 

The veins of the large intestine correspond generally with the arteries. The 
superior hsemorrhoidal vein commences in little dilatations in the folds of mucous 
membrane found in the upper part of the anal canal. These veins anastomose 
with the inferior hsemorrhoidal veins, and there is thus established an important 
commiunication between the portal and the inferior vena caval system of pelvic 
veins. The tributaries of the superior hsemorrhoidal vein ascend in the submucous 
coat of the rectum for about 6 cm., and, communicating with one another, form the 
haemorrhoidal plexus. They pierce the muscular coat by five or six openings, and 
ultimately unfte to form the trunk of the superior hemorrhoidal, which is continued 
into the abdomen as the inferior mesenteric. This leaves the inferior mesenteric 
artery on the left side of the aorta, and, continuing to ascend, terminates in the 
splenic vein (see Qu6nu, * Etude sur les veines du rectum et de Tanus,' BiM, Soc. 
Anat, Paris, 1892). 

The lymphatic vessels in the coats of the large intestine have the same 
general arrangement as in the small intestine, except in so far as they are 
modified by the absence of intestinal villi. They are stated to be more numerous 
in the csecum and vermiform appendix than in the other parts of the large intestine. 
Kelly and Hurden ^ describe the lymphatic vessels in the appendix as arranged in 
three plexuses, lying respectively under the serous tunic, the circular muscular fibres, 
and the muscularis mucosae, and only communicating slightly with one another ; 
but Jamieson and Dobson ^ doubt this lack of communication, as they found all the 
lymphatics of the appendix could readily be injected from the submucous coat. 
The afferent vessels of the large intestine end in groups of lymphatic glands, which 
follow very closely the course of the blood-vessels, and the glands above the rectum 
are divided by Jamieson and Dobson * into the following chains : ileo-colic, meso- 

1 H. Drummond, * The Arterial Supply of the Rectum and Pelvic Colon,* Brit, Jour, of Surgery^ voL L, 
No. 4. AprU 1914. 

2 The Vermiform Appendix and its Diseases^ 1906. 

> * The Lymphatic S3r8tem of the Cfficum and Appendix,* Lancet^ April 27, 1907. 

* • The Lymphatics of the Colon,* ProcRoyal 8oc. of Medicine^ vol. xi., part iiL, 190ft 
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colic, left colic, and inferior mesenteric, and each chain is said to consist of epicolic, 
paracolic, intermediate, and main groups. The afferent lymphatics ending in 
the ileo-colic glands, drain the portions of the intestine supplied by the ileo-colic 
artery. The glands on or near the intestine are the ileo-colic, lying in the ileo-coHc 
fold of peritoneum ; posterior ileo-colic, at the back of the junction of the ileum and 
ascending colon; a small gland in the meso-appendix, and glands along the mesenteric 
border of the terminal portion of the ileum and the median border of the ascending 
colon. The main group consists of ten to twenty glands, extending upwards along 
the course of the ileo-colic artery, and more or less distinctly continuous above with 
the main group of mesenteric glands. Jamieson and Dobson emphasise the fact 
that vessels from the caecum or appendix may pass the glands in their immediate 
neighbourhood, and ascend to end directly in any of the glands of the main ileo-colic 
group. The epicolic glands, situated imder the serous coat or in the appendices 
epiploicae, are very small — ^most numerous inyoimg subjects and on the pelvic colon. 
The lymphatic vessels of the rectum and anal canal are well developed, and form 
plexuses in the submucous and muscular coats. Those around the anal orifice 
terminate in the superficial inguinal glands, the others ascend in the wall of 
the rectum, pierce the muscular coat, and terminate mainly in glands in front 
of the sacrum, but a few pass outwards to the glands on the lateral wall of the 
pelvis. 

The nerres of the colon resemble those of the small intestine in arising from 
the lower thoracic nerves and passing through the great splanchnics to the ganglia 
of the coeliac plexus. The non-medullated fibres issuing from this plexus accompany 
the branches of the superior and inferior mesenteric arteries going to the colon. 
The nerves of the reotnm are very numerous and are derived from both the 
cerebro-spinal and the sympathetic systems. The former consist of branches 
derived from the sacral nerves, and the latter of offsets from the inferior mesenteric 
and hypogastric plexuses. Experiments upon animals have shown that the longi- 
tudinal muscular fibres of the rectum are supplied with motor fibres from the 
anterior roots of certain of the sacral nerves (second and third, and also the first 
in the dog), which nerves also supply inhibitory fibres to the circular coat, whereas 
the fibres of the hypogastric plexus, supplying the circular muscular tissue 
with motor fibres, are derived from white rami communicantes of the anterior 
roots of certain of the lumbar nerves, which join the sympathetic chain and lose 
their medullary sheath before passing to their distribution in the muscular coat. 
Pilliet has noted the presence of Pacinian corpuscles upon some of the nerves 
distributed to the anal mucous membrane. The normal mucous membrane of 
the intestine is not sensitive to tactile or painful stimuli, but the peritoneal covering 
is sensitive. The mucous membrane, for about an inch above the muco-cutaneous 
junction in the anal canal, is an exception to the above rule, as it is markedly 
sensitive. The skin at the verge of the anus is supplied by the fourth sacral 
nerve. 

Variations In the larce Intestine. — The principal variations are due to 
irregular or defective development. In cases of complete transposition of the viscera, 
the caecum lies in the left iliac fossa, and the iliac colon in the right. The proximal 
portion of the large intestine, as far as the left part of the transverse colon, may 
remain attached, along with the jejimo-ileum, to the posterior abdominal wall by a 
common mesentery, and the rotation of the intestinal loop, associated with the 
descent of the caecum and the formation of a descending colon, may be permanently 
arrested in any part of its course. The descending colon may remain near the 
median plane and be connected with the front of the vertebral colunm by a 
mesentery. Occasionally, the rectum opens into the bladder or urethra, or it may 
terminate blindly, giving rise to the condition known as imperforate anus. 

K 2 
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HEPAR. 



The liver (hepar) is an external and internal secreting gland which is dis- 
tinguished by its large size, the peculiar relation of its.secreting cells to their ducts, 
and the fact that it receives a large amount of venous blood, which, in its passage 
through the organ, is brought, by a sinusoid arrangement of its capillaries, into direct 
contact with the liver-cells. It secretes the bile, and is also the seat of what is known 
as the glycogenic function. It is a solid mass of a yellowish brown colour ; but 
when its vessels are filled with blood, it presents a dark red and somewhat mottled 
appearance. It is easily cut or lacerated, and is not infrequently ruptured during 
life from accidents, in which other parts of the body have escaped injury. When 
the substance of the liver is torn, the broken surface is not smooth, but coarsely 
granular — the liver being composed of a multitude of small lobules (lobuli hepaits) 
About 1 mm. in diameter, and consisting of liver-cells, blood-vessels, and ducts. 

The liver is covered externally by a serons ooat derived from the peritoneum. 
Connecting the serous coat to the glandular substance, and also present where the 
serous coat is absent, is a layer of areolar tissue, which is described as the areolar 
or fibrous ooat of the organ. Its inner surface is connected with the delicate 
areolar tissue, which lies between the hepatic lobules. On the imder surface of the 
liver is an opening into the organ called the porta hepatis, through which pass the 
portal vein, hepatic artery, hepatic duct, nerves, and lymphatic vessels. Opposite 
the porta, the fibrous tissue is greatly increased in amoimt and invests the 
entering and issuing vessels and duct, forming for them a loose but strong sheath 
of areolar tissue, which surrounds all their branches as they ramify through the 
organ, becoming more and more delicate, until it becomes continuous with the 
areolar tissue between the lobules. To this investment of areolar tissue, which 
encloses the three vessels above mentioned and their branches, the name oapsule 
of Ollsson has been applied, and the canals through the liver-substance which are 
occupied by those vessels and their ' capsule,' have been termed portal oanals. 
At the back of the liver, where there is no serous coat, the areolar coat is also 
considerably thickened, and it here invests the hepatic veins as they issue from the 
organ to open into the vena cava inferior. These veins and their tributaries are 
also invested, in their course through the liver, by areolar tissue continuous with 
that of the areolar coat ; but it is very small in amount, and binds the hepatic veins 
closely to the glandular substance, so that in section of these hepatio oanals 
in the dead liver, the vein always remains patent, whereas in section of the portal 
canals, the looseness of the areolar tissue investing them and the large relative 
amount of this tissue, allow the branches of the portal vein to collapse, and this 
is their usual condition, if empty of blood. Both the portal and the hepatic canals 
conduct lymphatic vessels from the liver. 

Form. — Its shape is liable to considerable variations, but is essentially that 
of a right-angled triangular prism, with the right angles rounded off.^ If the upper 
part of the abdomen be supposed to be occupied by a cuboidal mass, divided into 
two by a cut passing from, its upper left edge to its lower right one, the position 
and shape of the liver will be represented by the upper and right half of this mass, so 
that this organ presents five surfaces : namely — anterior, posterior, superior, inferior, 
and right ; and its outline is triangular when viewed either from the front or the back. 
While the anterior surface is nearly flat and lies approximately in a coronal plane, 
the posterior surface is imeven, and towards the right presents a marked convexity, 
which projects backwards into the hollow on that side of the vertebral column. 

1 J. Symington, * On Certain Ph3r8ioIogical Variations in the Shape and Position of the Liver/ Edinburgh 
Medical Journal, February 18S8. 
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nasnres or tommm, and lobes. — A deep fissure {fossa sagUtalU HnUtra), 
situated near the median plane, extends backwards on the nnder-surface {foem 
ven(B undnlKalis), and then upwards on the posterior surface ( fostta ductus venosi), 
partly dividing the hver into right and left lobea {lobus hepalis dexter and lobus hepalis 
sinister). The anterior part of the umbilical fissure extends on to the anterior 
surface of the hver, and forma a more or leas distinct incisura umbilicalis. Above 
this notch, the line of demarcation between the right and left lobes is indicated on 
the anterior and upper surfaces of the liver merely by the attachment of a fold 
of peritoneum, tenned the falciform ligament. Parallel to and on the right side of 
the left sagittal fossa are two depressions (fossa sagHlaies dextra). The anterior. 



Fio. 188.— Visit or tni liver fboh thi front. (J. Symington.) 
R, right lobe; L. left lobe ; B, fuDdiu of gkll-bUdder ; C. round ligameDt of liver. 

placed on the under-surface, is a di&llow impression for the lodgment of the gall- 
bladder (fossa tie«c(B feUecs) ; the posterior forms a deep groove on the posterior 
surface of the liver, containing the inferior vena cava (fossa venis cava]. At the 
upper end of this fossa, several large hepatic veins emerge from the liver to join 
the inferior vena cava just below the diaphragm. 

A deep fissure (porta kepatis) extends transversely between the posterior ends of 
the umbilical fissure and the fossa for the gall-bladder. It is through this opening 
that the hepatic artery and portal vein enter the liver, and the hepatic duct leaves 
this organ. On the under-surface of the right lobe of the Uver, in front of the portal 
fissure, is a secondary lobe, named lobtis quadratus ; and on the posterior aspect, 
behind this fissure, another lobe, termed lobus caudaius. They will be described 
in connexion with the surfaces of the liver. 

Snrfkcaa and borders. — Of the five surfaces of the liver, three — the anterior, 
superior, and right — ^are parietal, being in close contact with the abdominal wall ; 
one, the inferior, is visceral, while the posterior, although mainly parietal, is partly 
in close relation with abdominal organs. Some of the borders bounding these 
surfaces are thin and sharp, others thick and rounded. 

The anterior sarfito« (fig. 128) is frequently the largest of all the surfaces. 
It is smooth and triangular, and united with the upper and right surfaces by rounded 
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borders, but separated from the imder-Burface by a sharp border (wwh^o anterior), 
which oMi often be felt in the living body. This surface is fonned by both the ri^t 
and left lobes, the separation between which is indicated by the umbilical notch 
and the attachment of the falciform ligament. To the right of the umbilical 
notch, the lower margin of this surface presents an excavation situated over the 
fundus of the gall-bladder. The peritoneum covers the whole of the anterior 
surface, except along a narrow line between the two layers of the above-named 
ligament. 

The posterior snrfaoe (fig. 129) is triangular, very uneven, only partially 
covered by peritoneum, and not so distinctly marked off from the under-surface as 
is the anterior. It includes : (1) A portion of the left lobe, which is hollowed out 
for the lodgment of the abdominal portion of the oesophagus {impreasio assophagea). 
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and the right margin of the oesophageal opening in the diaphragm. This hollow 
gradually extends outwards, to end in the sharp posterior border of the left lobe 
of the liver, and is continuous below with the under-surface of the left lobe. (2) The 
lobus catidalus [Spigelii], often termed the Spigehan lobe, presents a quadrilateral 
surface looking backwanls and inwards towards the diaphragm, and bounded by 
the fossa for the inferior vena cava on the right side and the fossa of the ductus 
venosus on the left. This lobe possesses another surface of about the -same ^ze, 
looking forwards and to the left, which is concealed in the fossa of the ductus venosus, 
and lies against the right or posterior layer of the lesser omentum, where this fold lies 
in the fossa of the ductus venosus (see fig. 130). The upper border of the caudate lobe 
corresponds to the top of the superior recess of the omental bursa; the lower is divided 
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by a shallow notch into two parts ; aleft, termed the processiu papiUarig, on accoyuit 
of its shape ; and a light, the proeetsus caudatus, which forms a ridge paasiog to the 
right between the portal fissure and the inferior vena cava, and becoming lost on 
the imder-surface of the right lobe. The caudate lobe isopposite the tenth, deventh, 
and twelfth thoracic vertebrae, and rests against the diaphragm, the two opposing 
surfaces being covered by peritoneum bdongbg to the omental sac. (3) To the 
right of the fossa for the inferior vena cava, is a large area, convex, except for a 
small depression at its lower and median comer, which receives the right supra- 
renal gland (impreasio mpmrenalis,i.tr.). In consequence of the separation of the 
layers of the coronary ligament, this surface of the right lobe (fig. 129, X) is not 
covered by peritoneum, except at itsright extremity. It reate against the ascending 
part of the diaphragm, and superiorly passes gradually into the nppei surface. 
Inferiorly, it is separated by a sharp margin from the renal impression on the under- 
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surface. This margin is sloped obliquely downwards and outwards, following 
the line of the eleventh and twelfth ribs. The median border often projects over 
the inferior vena cava. 

The iipp«r-aiirfec« of the organ is smooth, covered by peritoneum, and exactly 
moulded to the under-surface of the diaphragm. Near the median plane, it gives 
attachment to the falciform ligament. It has two rounded convex portions, separated 
by a shallow concavity (impresHo cardiaca), corresponding to the situation of the 
heart. The right convexity is much larger and more prominent than the left one. 

The iuid«r-siirfac« is concave, uneven, and looks downwards, backwards, and 
to the left. It is invested with peritoneum everywhere, except where the gaU- 
bladder (fig. 129, g.U.) is adherent to it, and at the porta [p], where the fold of 
peritoneum, termed the lesser omentum, which encloses the blood-vessels and ducts 
of the viscus, comes oS, and passes to the smaller curvature of the stomach. The 
under-surface of the left lobe (t.^.) is moulded over the subjacent cardiac part of the 
stomach, and over that part of the anterior surface of the stomach which is next to 
the lesser curvature, and it has a rounded prominence termed the tuber omentale, 
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vhicli rests against the leeser omentum. Occasionally — especially when the stomach 
is empty — the left part of this surface lies f^&iust the spleen. 

The under-surface of the right lobe may be regarded as divided by the fossa 
which lodges the gall-bladder (fossa veaicce fellea). into two unequal portions. Of 
these, the lateral ia by far the larger, and is mainly occupied by two large shallow 
concave impressions : one, situated anteriorly, being produced by the hepatic flexure 
of the colon {impresgiocolica, i.c.) ; the other, and posterior one, being caused by the 
right kidney (impresiio renalis, i.T.). These two impressions are separated from 
one another by a low lidge. At the median border of the renal impieasion, is a third 
narrow and but slightly marked impression, corresponding to the descending part 
of the duodenum {imjtresno duodenalis, i.d.). 

The median of the two parts, into which the fossa of the gall-bladder subdivides 
the under-surface of the right lobe, is somewhat rectangular and oblong, having the 



The lirer in the mhut ia rviatiroly l&i^er th4n in the ulult uid exl«Ddfl farther Uj the left, 

B.L.. right luDg ; I,L., left lung ; R.A., right auricle of heut ; R.V.. light ventricle, diileaded vith 
injection ; S, ((omub. empty and contiac(«d ; P. pylorus, situated in the median plane juit beneath the fossa 
vene ombilicalia olHter; D, firet port of dnodeDum in contact with quadrate lobe of liver; O.B., gall-bUdder, 
which wai full of bile. 

antero-po8t«rior diameter greater than the transverse ; it is known as the quadrate 
lobe {L.Q.). It is immediately over the pyloric end of the stomach and the com- 
mencement of the duodenum, and, when these are distended, they impress upon the 
surface of the quadrate lobe a slight concavity. It is bounded on the left by the 
umbilical fissure, and behind by the porta hepatis. 

The rlarht Biirface is convex from before backwards, and often slightly 
convex from above downwards. It unites with the upper, anterior, and posterior 
surfaces by rounded borders, but is separated below from the inferior surface by 
a sharp edge. 

Position. — By far the greater part of the liver is situated to the right of the 
median plane. According to Cunningham's divisions (see p. 75) of the abdomen, 
it occupies the right hypochondrinm and the epigastric regions, extending also 



frequently into the lett hypocbondiiac and light lumbar ; but under Addison's 
scheme (see p. 80) of delimitation of the abdomen, it also lies in the ri^t umbilical 
region. The aaterioi and right surfaces, in almost the whole of their extent, are 
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separated from the surface of the body by the lower ribs and costal cartilages, but 
in the subcostal angle, a small part of the anterior surface lies directly behind the 
abdominal wall. The right surface is protected by the seventh to the eleventh ribs. 
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and the anterior surface by the fifth, sixth, seventh, eighth, and ninth costal cartilages, 
with the anterior parts of the corresponding ribs, and by the ensiform cartilage — 
the diaphragm, of course, being interposed. Above, the liver is accurately adapted 
to the vault of the diaphragm, and the right lobe reaches higher beneath the ribs 
than the left, corresponding thus with the more elevated position of the diaphragm 
on the right side. 

The upper limit of the Uver may be indicated on the anterior wall of the chest 
by a line which crosses the median plane at the lower end of the body of the sternum. 
On the right side, this line must be extended outwards and slightly upwards, so 
that in the mammary line it is near the upper edge of the fifth rib, from which 
point it descends to join the right lateral surface. On the left side, the line passes 
nearly horizontally outwards, being slightly overlapped by the heart. The lower 
limit of the anterior surface on the right side practically coincides with the lower 
edge of the thoracic wall, as far inwards as the tip of the ninth costal cartilage. 
About this point, the line representing its lower edge passes upwards and to tiie 
left, to near the tip of the left eighth costal cartilage. It is then continued in the 
same direction across the left costal cartilages, to meet the left end of the upper 
limit at an acute angle. 

The posterior surface of the right lobe of the Uver lies in front of the ninth to 
the twelfth ribs, but it is separated from the chest wall not only by the diaphragm, 
but also by the right lung above and the right kidney below. Where the Uver 
crosses the median plane, it is usually at the level of the tenth, eleventh, and 
twelfth thoracic, and the first lumbar vertebrae. 

The right surface of the liver extends in the mid-axillary line from the seventh 
rib to the lower edge of the thoracic wall. 

The situation of the liver is modified by the position of the body, and also by 
the movements of respiration. Thus, in the upright or sitting position, it descends 
to just below the lateral margin of the thorax ; but in the recumbent posture, ascends 
half an inch or an inch higher up, and is entirely covered by the ribs, except a 
small portion opposite the sub-costal angle. During a deep inspiration, the liver 
also descends below the ribs — even in the recumbent posture — and in expiration 
retires up behind them. In females, it is often permanently forced downwards 
below the costal cartilages, owing to the use of tight stays ; sometimes it reaches 
nearly as low as the crest of the ilium, and in many such cases its convex surface 
is indented from the pressure of the ribs. 

The position of the liver is also affected by the condition of its neighbouring 
organs. Thus, when the intestines are distended and the abdomen prominent, 
the liver is pushed upwards, and its vertical extent diminished, while when these 
are empty and the abdominal wall retracted, the liver is compressed from before 
backwards, and the inferior surface is nearly in the same plane as the posterior. 
Again, with the distension of the stomach, the left lobe of the liver is pushed over 
towards the right side. 

biflraments and omentum. — The ligaments of the liver are, with one excep- 
tion, simply reflexions of the peritoneum from the liver to adjacent structures. The 
falciform ligament connects the liver with the ventral wall of the abdomen and with 
the diaphragm. It forms a thin but extensive membrane, composed of two adherent 
layers of peritoneum, and extends from the under-surface of the diaphragm, and from 
the anterior abdominal wall as far down as the umbilicus, to the upper and anterior 
surfaces of the liver, and to the fossa of the umbilical vein on the imder-surface. In 
addition to these attached borders, it presents a free margin, in the fold of which is 
situated the roimd ligament of the liver or obliterated umbilical vein. The length 
of the falciform ligament is such that it permits of a considerable lateral movement 
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of the anterior surface of the liver. The coronary ligament consists of two reflexions 
or folds of peritoneum, passing directly from the Uver to the diaphragm, and bounding 
a large area on the posterior surface uncovered by peritoneum. The upper fold is 
continuous with the right layer of the falciform ligament, and passes outwards 
in front of the inferior vena cava, as this vessel emerges from the Uver to pierce the 
diaphragm. It then inclines outwards and downwards on the posterior surface, to 
end in the small right triangular ligament of the liver. The lower fold passes in- 
wards from this ligament, crossing the Uver near the upper end of the renal impression 
and the lower part of the supra-renal impression, then goes in front of the inferior 
vena cava near the point where the vein joins the Uver. From this level, it ascends 
on the median side of the inferior vena cava, and turns to the left to form the upper 
boundary of the superior recess of the omental sac (fig. 129). The left hepatic vein 
pierces the surface uncovered by peritoneum between the top of this recess and 
the superior layer of the coronary Ugament. 

The area bounded by the layers of the coronary Ugament is the most fixed 
part of the Uver, as the space to the right of the inferior vena cava is united 
by connective tissue directly to the diaphragm, while at the fossa venae cavae, the 
hepatic veins join the inferior vena cava immediately on leaving the Uver. The 
left layer of the falciform Ugament passes towards the left side, where it becomes 
continuous with the left triangular ligament. This Ugament is attached to the 
diaphragm in front of the oesophageal opening and to the posterior part of the 
superior surface of the left lobe of the Uver. It is a long loose lold, and aUows 
a considerable movement of this part of the Uver. 

In addition to the folds caUed Ugaments, the Uver gives attachment to two 
layers of peritoneum, which pass between the Uver and stomach, and form the 
lesser omentum. This is attached to the Uver at the porta and the fossa ductiis 
venosi, and near its right free border encloses between its two layers the bile-duct, 
portal vein, hepatic artery, lymphatics, and nerves. 

Although a number of the peritoneal folds of the Uver are called Ugaments, 
they are of Uttle use in maintaining the Uver in position ; indeed, the peritoneal 
relations are such as to faciUtate rather than to obstruct its movements. The Uver 
is kept in position mainly by atmospheric pressure and surface tension, its convex 
aspect being moulded to the diaphragm like the opposing surfaces of a ball-and- 
socket joint. The tonicity of the muscular wall of the abdomen supports it below, 
while its connexion with the inferior vena cava, posteriorly, is an important factor 
in preventing its displacement. 

MORPHOLOGY OF THE LOBES, FISSURES, AND PERITONEAL FOLDS OP THE LIVER. 

The plan general^ adopted of dividing the liver into two principal lobes — bright and left — is 
a convenient and practical one ; but the data derived from a study of its comparative anatomy 
and development indicate that these two lobes do not represent the right and left halves of 
this organ. 

We have already seen that the falciform ligament and part of the lesser omentum are attached 
to the Uver between the right and the left lobes. This ligament and omentum are derived from 
the ventral meso-gastrium which, in an early stage of development, connects the stomach with 
the ventral wall of the abdomen. As the liver-bud grows into the meso-gastrium, it gradually 
divides it into a ventral portion — ^the falciform ligament — connecting the Uver with the abdo- 
minal wall, and a dorsal part — ^the lesser omentum — ^uniting the liver and the stomach. It might 
be supposed that the attachment of these two folds to the Uver would indicate the line of union 
of the right and left halves of the liver ; but it must be remembered that in the embryo, the Uver 
has a much more extensive attachment to the abdominal wall than in the later months of fetal 
development, and that the place where the connexion persists is largely determined by the 
umbiUcal veins. Of the two umbiUcal veins originally present, the right disappears at an early 
stage, so that it is the left vein that comes to He in the falciform Ugament, and the ductus venosus 
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is an offshoot from this vein. It is evident, therefore, that the dividing-line between the two 
halves of the liver should be looked for to the right of the umbilical fissure ; so that Cantlie*8 
contention ^ that this line passes from the fundus of the gall-bladder, backwards, to the entrance 
of the hepatic veins into the inferior vena cava, is reasonable. 

Rolleston, Owen, Flower, and other comparative anatomists made more or less successful 
efforts, by an examination of the external form of the liver, to determine the typical number 
and position of the lobes of the liver and to ascertain the pecularities of the human liver 
as compared with the mammalian type. Bex ^ introduced a new and very valuable method of 
determining lobar homology when he investigated the mode of distribution of the branches of 
the portal vein within the liver, and much new light has been thrown upon the question by the 
embryological researches of M all,* Ch amock Bradley,^ and ma ny o thers. The t ypical m amma lian 
li ver consists o f three jobes — a ce ntral^ and a_right_and a left lateral. The central lobe may be 
divided into a right and a left, and each lateral lobe may^have attacHed to it an additionat lobe — 
ome ntal or SpigeE ari ohTEeTeR's Kle^and ca^datfi on the right. According to Bex, the two main 
divisions of the portal vein give off branches for the supply of these lobes, as is seen from the 
following table taken from Chamock Bradley's paper : — 



Lobes. Branches of Portal Vein. 

(^Caudate Bamus descendens. 

Bamus arcuatus. 

(Bamus cysticus. 
Bight arborisation from the recessus umbilioalis. 
Left arborisation from the recessus umbilicalis. 
Bamus angularis. 
Bamus omentalis. 



( Bight lateral 
/ Bight central 

I Left central . 

fLeft lateral . 
Omental lobe 



According to Brachet,^ the liver of the rabbit embryo, twelve days old, consists of three lobes : 
a ventral, and right and left lateraL The former is developed in association with the umbilical 
veins, and the latter with the omphalo-mesenteric veins. Mall and Chamock Bradley have 
also shown the intimate relation which exists, in the developing human and pig's liver, between 
the number of lobes and the branches of the blood-vessels. 

Great variation exists, even in mammals belonging to the same order, with regard to the 
extent to which the liver is subdivided by tme lobar fissures, and no satisfactory explanation has 
yet been given of these facts. 

The human liver belongs to the type in which the lobes are feebly marked ; indeed, the only 
two that can definitely be recognised are the Spigelian and the caudate. The S pigelian (caudate 
of B.N,A,)ia fairly distinct ; but the caudate is so small that in the B.N, A. it is named the^c ajidft te 
p rocess . These two lobes are better marked in the fetus than in the adult.^ Fissures and 
processes are occasionally met with in the human liver, which may represent permanent maricings 
in certain of the primates. Thus Buge ^ has described a processus pyramicUdis in various primates , 
which projects from the left lobe near the umbilical fissure, and Thompson and Taylor^ found 
it occasionally present in man. 

Blood-TesseUiy iTinphatios, and nerves. — The two vessels by which the 
liver is supplied with blood are the hepatic artery and the portal vein. The hepatic 
artery — ^a branch of the cceliac artery — ^is small in comparison with the organ to 
which it is distributed. It enters the porta, and there divides into right and left 
branches, which divide and subdivide in the portal canals. It is distributed to 
the connective tissue of the liver, to the coats of the hepatic ducts, and portal veins ; 
and some of its branches assist in the formation of the interlobiilar plexus, situated 
between the hepatic lobules. 

1 * On a New Arrangement of the Bight and Left Lobes of the Liver,' Jour. Anal, and Phjfs., 
vol. xxxii., 1898. 

* * Beitrage zur Morphoiogie der Saagerleber,* Morph. Jahrbuch^ Bd. xiv., 1888. 

8 * A Study of the Structural Unit of the Liver,* Amer. Jour. Anat., vol. v., 1906. 

* * A Contribution to the Morphology and Development of the Mammalian Liver/ Jour. AnaL and Pkys., 
voL xviii 1909. 

^ * Reoherches sur le d^veloppement du diaphragme et du foie chez le lapin/ Jour, de FAnat. et dt la 
Phys., t xxxi, 1895. 

^ A. Thomson, * The Morphological Significance of Certain Fissures in the Human Liver/ Jour, Anal, 
and Phys., voL xxxiii, 1899. 

^ ' Die aiisseren Formerhaltnisse der Leber bei der Primaten/ Morph. Jahrhuch., Bd. zxix. 

s Jour. Anat, ar^ Phys., vol. xxxix. ; Proc. Anat. Soc., May 1905. 
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By far thn greater part of the blood whirh passes through the liver — and in this 
respect it differs from all other organs of the human body — is conveyed to it by a 
large vein, the portal t«1ii or vena portie (fig. 137). This vein is formed by the 
union of the veins of the stomach, intestines, pancreas, and spleen. It enters the 
porta, and, like the hepatic arteiy, there divides into two principal branches, 
which subdivide in the portal canals and end in the interlobular plexuses. As the 
branches ramify in the liver, they do not 
anastomose with one another and do not 
come to the surface of the organ (Mall). 
The vessels forming the interlobular plexuses 
pass into the lobules of the liver, and form 

between the rows of liver-cells intralobular ' 

plexuses (see figs. 137 and 138), which join 
intralobular veins in the centre of the 
lobules. 



Rex 1 showed that the kft main branch of the 
portal Tein ii not distributed solely to the left 
lobe of the liver, but that it also Euppties certain 
parta of the r^ht lobe. He further demonstrated 
that tho right and left main brancheB give oS 
secondary oneB, which supply areas corresponding 
to the typical lobes of the Lver. 
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POBUL nsaoRE. (G.D.TbMW.) 
. bepatk arlcry : p, porta] vein ; d. 
non bile.duct; ir. U.. gall-bladder; p^, p*, 
of reflMtion of the peritoneum. 



The Iispatio veins (fig. 135), which 

convey the blood away from the liver, 

arise as the central veins of the lobules ; these join sublobular veins, which unite 

to form the hepatic veins. The hepatic veins end by two or three principal trunks, 

besides a number of smaller ones, in the vena cava inferior. In the liver, these 

veins pursue an entirely different course 

from the other vessels. The hepatic veins 

sometimes anastomose with one another, and 

often come to the surface of the liver (Mall). 

The Irmpbatlo* of the liver, large and 

numerous, form a superficial and a deep set. 

The superficial set forms a rich sub- 
peritoneal plexus. Some of those on the 
I upper surface join, through the suspensory 

ligament and diaphragm, the sternal glands, 
and others pass between the layers of the 
coronary ligament and through the inferior 
vena cavol opening of the diaphragm to 
the anterior mediastinal glands. From the 
under-surface of the liver, vessels pass to 
various groups of glands associated with 
neighbouring viscera — such aa the pancreas 
and stomach. The deep lymphatics run 
mainly in the portal canals and in the lesser 
omentum, with the portal vein and hepatic 
artery, and end in glands (hepatic) situated along the course of the hepatic, 
cystic, and gastro-duodenal arteries, and towards the left side in the cardiac and 
pancrcatico-lienal groups of glands. Some deep lymphatic vessels arise around 
the sublobular veins and leave the liver with the hepatic veins. 

I > BeitrlgB zni Mcvphokgio der Sangerlebei,' JforiA. JvJUbucA., Bd. xiv., 1S8S. 
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About five 
TMD>, FKOM THB pio. About five dill 

(Kienutn.) 

F. bnach of veoB porta. 

H, hepatic Tenoiu trunk, iguiut irhicb the bu1« of the portal caoal. formed amoogrt tbs lobule* of 

lobnlei an applied ; h. A, k. three sublobuUr hepatic veioa, (be liver ; p, p. larger bmucheg of portal vein, 

cm vliich the base* of the loholei reat, and through the giving off amaller one* named interlobniir 

ooat* of whieh they are aeen aa polygonal figuna ; i. mouth vein* ; then are also seen within the large 

of the intralobnlar veiiu. opeoiog into the lublobuLar portal vein numerous ori£c«a of interlobular 

veini; >', inlralofaular veini shown paaaing up the centre veins ariging directly from it; a, hepatic 

of aome divided lobuba ; e, e, walla of the hepatic artery; d. biliary duct ; atcc, the venous wall 

venous canal, nith the polygonal baaea of the lobules. has been partially removed. 



vein ; 2. its smaller branchei collecting blood from Uw capillary 
ncha of the vena porUe with their snuller ramiGcatioos paaaing 
he aabataoce of the lobule. 
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The nerrsB are derived partly from the coeliac plexus, and partly from the 
vagi nerves — especially from the left vagua. They enter the liver, supported by 
the hepatic artery and its branches, along with, which they may be traced in the 
portal canals. The sensory nerves of the liver are probably derived from the 
seventh, eighth, ninth, and tenth thoracic spinal nerves. 

Olmeaaloua and w«li:ht. — The greatest vertical extent of the liver is near its 
right surface, where it measures, on an average, from 14 cm. to 17 cm. This diameter 
gradually diminishes fr<HU right to left, the organ ending on the left side in a thin 



FlQ. I3B.~SlOTIOI' or i LrviK-LOEDLI WITH THE BUlO D-VUSEU XHO DUCTS [BJICTED. (Cidiat,) 

b, b, intcrlobnUr raiiu ; a. inlrslobuUr vein ; c. interlobulsr bilcducU, with wbich the bile aiuliculi. 
or ductiu bilUeri, from the lobule are conoeclHl. The biliferoiu ducts hare only become injected in tbe 
peripheral parti of the lobule. 

sharp border. Its greatest transverse diameter is usually several centimetres 
more than the corresponding vertical one, but is sometimes less. The antero- 
posterior diameter is greatest on the right side ot the vertebral column, and just 
above the right kidney ; here it measures from 12 cm. to 15 cm. In front ot the 
vertebral column its antero -posterior extent is considerably reduced, being in the 
median plane only about 8 cm. to 10 cm. The ordinary volume of the liver is 
about 1500 c.c, and its average weight 1550 grms. According to the facts recorded 
by Reid, the liver weighed, in forty-three cases out of eighty -two, between 48 and 
58 ounces, in the adult male ; and, in seventeen cases out ot thirty-six, between 
40 and 50 ounces, in the adult female. It is generally estimated to be equal 
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to about one thirty-sixth of the weight of the whole body ; but in the fetus, 
and in early life, its proportionate weight is greater. Thus at birth it is about 
one-eighteenth of the body-weight. 

Vierordt {Anatom. Daten u. TabeUen) gives the following approximate numbers for the 
adult : Weight, male 1579 grms., female 1526 grms. ; volume, 1720 c.c. ; length, 320 mm. ; 
sagittal diameter, 200 mm. 

The specific gravity of the liver is between 1*05 and 106 ; in fatty degeneration 
this is reduced to 1'03, or even less. 

Itiver in the infant. — The liver is relatively much larger in the new-bom 
child than in the adult. Indeed, at birth, it occupies nearly one-half of the 
abdominal cavity. The left lobe, as compared with the right, is distinctly larger 
than in the adult, and often reaches to the left, so as to come in contact T^ith 
the lateral wall of the abdomen on that side, presenting in this position a distinct 
left surface. In such cases, Ballantyne i describes the anterior surface as being 
more nearly quadrilateral than triangular. According to this authority, the 
anterior surface of the Uver in the new-born infant corresponds in its vertical extent 
in the median plane with the last four thoracic and upper two lumbar vertebrae, 
and its lower border is within 2 cm. of the umbilicus. Its vertical extent increases 
from left to right, the lower edge of the right surface coming within 1 cm. or 1 "5 cm. 
of the right iliac crest. 

Varieties. — The liyer is not subject to great or frequent deviation from its ordinary form 
and relations. It has been found without any division into lobes. On the other hand, 
Soemmerring has recorded a case in which the adult liver was divided into twelve lobes, and 
similar cases of subdivided liver (resembling that of some animals) have been now and then 
observed by others. A detached portion, forming a sort of accessory liver, is occasionally found 
appended to the left extremity of the gland by a fold of peritoneum containing blood-vessels. 
I. Broman {NormdU und abnormal^ Entwickelung dea Menschen, 1911) mentions two additional 
lobes which may occur, and which he regards as atavistic — ^namely : the lobus posterior, 
projecting through the hiatus bursse omenti majoris, so as to lie behind the stomach ; and the 
lobus vence cavoB, projecting downwards along the course of the inferior vena cava. 

The fossa vencs umbiliccdis is often bridged over by a piece of liver substance, called the pons 
hepatis. It unites the quadrate and left lobes, and varies considerably in size. The upper 
surface sometimes shows longitudinal furrows, which are occupied, when the organ is in situ, 
by folds of the diaphragm. J. Buy {* Les sUlons diaphragmatique du foie/ Bibliog. 
Anal., t. xiii., 1904) discusses fully the position, number, relation to diaphragm, Ac, of 
these furrows and the various theories that have been advanced to account for their presence. 
He supports the view that they are due to lateral compression of the thorax. 

Various cases have been described of unusual mobility of the liver in women with flaccid 
and often pendulous abdominal walls (see Landau, Die Wanderleber und der Hdngebauch der 
Frauen, 1888). 

Bile-passag'es and grall-bladder. — The bile, secreted by the liver-cells, 
passes into minute channels between them, termed the ductus biliferi, and at the 
periphery of the hepatic lobules these ducts end in the interlobular hepatic 
ducts (fig. 138), and from these arise the hepatic ducts traversing the portal 
canals, along with the branches of the portal vein and hepatic artery, and, 
finally, imiting at the porta of the liver into a right and a left branch. Outside 
the liver, the bile-passages consist of the hepatic duct, the cystic duct, the gall- 
bladder, and the common bile-duct. 

The hepatic duct, formed by the union of a right and a left branch, which 
issue from the bottom of the porta and imite at a very obtuse angle, descends 
to the right, within the lesser omentum, in front of the vena port®, and with 
the hepatic artery to its left. Its diameter is about 4 mm. and its length 
nearly 5 cm. At its lower end, it meets with the cystic duct (descending from 

1 ' The BelatioDfl of the Abdominal Viscera in the Infant,* Trans. Mtdico^hir, 8oc of Edinburgh, voL x. 
(new eeries), 1890-91. 
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the gall-bladder), and the two ducts uniting together at an acute angle form the 
common bile-duct. 

The rail-bladder (vesica feOea) (fig. 129, gM.), is a pear-shaped membranous 
sac, 7*5 cm. to 10 cm. long, about 35 mm. across its widest part, and capable of con- 
taining from 30 c.c. to 50 c.c. It is lodged obliquely in the fossa, before mentioned, 
on the under-surface of the right lobe, with its large end or fundus, which projects 
beyond the anterior border of the liver, directed forwards, downwards, and to the 
right, whilst its neck is inclined in the opposite direction. Its upper-surface is 
attached to the liver by areolar tissue. Its under-surface and fundus are covered by 
the peritoneimi, which is reflected over them from the surface of the liver. In 
rare cases, the peritoneum completely surrounds the gall-bladder, which is then 
suspended by a sort of mesentery from the under-surface of the Uver. The fundus 
generally touches the abdominal parietes immediately beneath the margin of the 
thorax, opposite the ninth costal cartilage. It is, however, subject to considerable 
variations. Thus, if the liver be small, or the gall-bladder empty, it often fails 
to reach the abdominal waU. In cases of distension of the stomach, it may be 
displaced to the right. The gall-bladder rests below on the commencement of the 
transverse colon ; and, farther back, it is in contact with the duodenum, and some- 
times with the pyloric extremity of the stomach. The neck, gradually narrowing, 
passes upwards and forwards, and then turns downwards to end in the cystic duct. 

The gall-bladder is supplied with blood by the cystic artery, a branch of the 
right division of the hepatic artery, along which vessel it also receives nerves from 
the coeliac plexus. The cystic veins empty themselves into the vena port^. 

The cystic duct is about 15 mm. long, and only about 2*3 mm. wide. It 
runs downwards, backwards, and to the left, and unites with the hepatic duct 
to form the common bile-duct. The terminal portion of the cystic duct runs for 
a variable distance parallel with and adherent to the hepatic duct. 

The common bile-duct (ductus choledochus), about 5*6 mm. to 7*5 mm. in 
width, and nearly 7 cm. in length, conveys the bile into the duodenum. It passes 
downwards, backwards, and to the left, continuing the course of the hepatic duct, 
between the layers of the lesser omentum, in £ront of the vena portte, and to the 
right of the hepatic artery. Passing behind the first part of the duodenum, it 
bends to the right and somewhat backwards to gain the inner and posterior 
aspect of second part of the duodenum, covered by or included in the head of the 
pancreas, and for a short distance in contact with the right side of the pancreatic 
duct. Together with this duct, it then perforates the muscular wall of the 
duodenum, and, after running obliquely for about 15 mm. between its coats, and 
forming an elevation beneath the mucous membrane, it becomes somewhat con- 
stricted, and opens by a common orifice, with the pancreatic duct on the inner 
surface of the intestine, near the junction of the second and third portions of the 
diiodenimi, and 7 cm. to 10 cm. beyond the pylorus. 

Varieties — ^The gall-bladder is occasionally wanting, in which case the hepatic duct is 
mnoh dilated within the liver, or in some part of its course. Sometimes the gaU-bladder is 
irregidar in form, or is constricted across its middle, or — but much more rarely — ^it is partially 
divided in a longitudinal direction. Purser {Trans, Acad, Med,, Ireland, vol. v.) has recorded 
a case in which there were two distinct gall-bladders, each having a cystic duct which joined 
the hepatic duct. The gall-bladder has been found on the left side (Hochstetter, Arch. /. Anat,, 
1886) in subjects in which there was no general transposition of the thoracic and abdominal 
viscera. Direct communications, by means of small ducts (named hepato-cystic), passing 
from the liver to the gall-bladder, exist regularly in various animals. 

The right and left divisions of the hepatic duct sometimes continue separate for some 
distance within the lesser omentum. Lastly, the common bile-duct not infrequently opens 
separately from the pancreatic duct into the duodenum. 

VOL. n. PAKT n. L 
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I PANCREAS. 



The pancreaa (figs. 139 to 143) is a long gland of a leddish cream colour, and 
irregularly prismatic shape, which Ues across the posterior wall of the abdomen, 
behind tike stomach, and opposite the first and second lumbar vertebne. Its 
right end is the larger, and is termed the head ; from this arises a short and 
slightly conetricted neck, which connects the head with the body. The body 



Fio. 139.— AirTiBlon abfict or the fancbiab, btc. (J. Srmiagton.) 

Dnwn by Q. C. R. Hu-binton, from i specimen prepiiied by hardening ths ibdominal viicera •■ win 
by the iajeotion of » 1 per ofnt wilntion ot ohromio »cid. 

H.H.H., head of poaorau ; C, it* oeok ; B.B,. its body i A.. Bnterior aurfitce of the body ; I., its inferior 
tarfuo&i O.T-,oinent«l tnberoflity nenrright eadof body; 2nd. Srd^ 4th. coTrenponding pejlx of the duodenam ; 
J.i iejoDDni ; H.A.» hepfttic utflij ; O., gutric aiteij ; 8.P.. aplenio utflij ; Q.D.» gutro-duodenaJ mrtcy i 
S.P.D.. (Dperior puiereatieo-dDOdeOBi utery ; S.V., aplenic vein i I.M.. inferior meeentsiie vein ; 6.H.V., 
iap«riar measalcrio vein ; P.V„ port«l Teia ; B.D., eommon bilerfliict 

passes to the left, its free extremity or tail touching the spleen. About one-third 
of the gland lies to the right of the median plane and two-thirds to the left. 

The pancreas voriee conBiderabty, id different caaea, in its iize and weight. It is usnall; 
12 cm. to 14 cm. long, uid 10 mm. to 20 mm. in thickness. The weight of the gland, according 
to Krause and dendemiirig, is UBually from 66 grms. to 102 grms. Ita BpeciGo gnvity is 1-<H6. 

The head (fig. 139, H) of the pancreas forms a disk-shaped mass, flattened from 
before backwards, and lying in the concavity formed by the second, third, and fourth 
parts of the duodenum, to which it is closely united. The superior mesenteric 
vessels are in contact with the anterior surface, near its left border ; while near its 
lower end, it is crossed by the transverse colon and its meso-colon. The superior 
and inferior pancreatico-duodenal vessels pass down in front of the head a short 
distance from its right and left borders, respectively. Posteriorly, it lies upon the 
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inferior vena cava, the left renal vein, and the aoita. The common bile-duct passes 
down behind it, and is generally leceived into a groove or canal in its substance. 
The lower part of the head, which extends downwards to the third part of the 
duodenum, and turns to the left behind the meseateric vessels, is known as the 
uacinate process. 

The neck ' of the pancreas (fig. 139, C) is about 2 cm. long. It springs from the 
upper part of the anterior surface of the head and turns upwards, forwards, and 
to the left to join the body. In its course, it passes in front of the tetmination of 
the superior mesenteric vein and the commencement of the vena portte. At its 
attachment to the head, it is grooved on its right side by the gastro-duodenal and 



Fk). 140. — The panorias and ^Dioaioia tisceba fbom DEroBE. 

Tliii Mid the aeit figare ue dnwD from Prof. Eii'i model One.tlurd nttural liie. 

The liver, Ui« itoDuch, the greater part of the amall JnteBVlQe, ujd the truuTene aAoa have been remored. 
P, paucrew ; d, daodenam ; d.).. daodeno-jejuiisl Qeiate ; above the duodeniim, kod betmen it uid the 
bead of the puioteu, ue Men the bile-duct, portal vein, tnd bepstio trtety ; uc eol., due. col., ucending 
utA deaoeiMiiag ooloo ; fji.. apleen ; r.k.,I.L, right and left kidneyi ; t.r., tj'., right and left lupnUHial glands ; 
p) at die back of the abdomiual eavitj ; m, Ime of reflection of the nieeeat«ry ; the line of r^ection 
B meao-etJou u eeen along the lower edge of the panoreaa and oroasing Uie dnodeDam. 

superior pancreatico-duodenal arteries. The first part of the duodenum lies against 
its anterior and right aspect, and the pylorus often touches it when the stomach 



The bocfy and toil together (fig. 139, B) are 10 cm. to 12 cm. long. After crossing 
from the right side in front of the aorta, the body curves backwards in its course 
to the left, and ends in contact with the lower part of the anterior surface of the 
spleen. Towards its right end, where the body of the pancreas lies anterior to the 
vertebra] column, it is flattened from before backwards so that it has only 
two distinct surfaces— anterior and posterior ; but to the left of the vertebral 
column, it usually possesses also a fairly well-marked inferior surface (see fig. 174), 

The anterior surface is concave, looks upwards as well as forwards, and is 
covered by the stomach — the lesser sac of the peritoneum intervening— except 
for an area, variable in size, where the stomach or first part of the duodenum may 
be in direct contact with it. Towards the upper part of its right end, it often 
presents a well-marked prominence (fig. 142), called the tuber omentele (His), 
which is separated from the liver by the lesser omentum. 

The posterior surface lies in front of the aorta, the ccehac plexus of nerves, the 

I Symington, ' On the Topographical Anatomy of the Panereaa, with Benurka on the ArrangemeDt of iu 
Ttni^l^' TVaiu. Rnuii Aati. nf Uidiatit of Inland, vnl. liii.. IRO.'',. 
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ongia ol the superior mesenteric artery, the piUars o£ the diaphragm, the splenic 
vein, the left kidney and its vessels, and the left supra-renal gland. 

The inferior surface rests on the duodeno- jejunal flexure, some convolutions 
of Uie jejuno-ileum, and, near its left end, the transverse colon. 

The superior border lies in relation with the cceliac artery, the hepatic branch 
of this trunk passing to the right just above it, while on the left side the splenic 
artery in its tortuous course to the spleen grooves it. 



Pia. Ul. — Vnw or thi fancbiu uid xdjmidit ardoidiiai. tkceki num b 

THK WHOLE OF THE POSTERIOB WILL 01 THE ABDOMDI, UD TBE KIDNBTB 

THE raBimmm beuo lbit. One-thini astanl Biu. 

Pt puienaa ; F', ita bead ; d. duodenain ; it., Btomuh ; ipL, iplMQ ; R.L., light lobe of ths liver ; £.5.. 
cMidote lobe i VJi.i., ven* «Ta ioferira' ; t>.r.. portil veia ; h, commoD bilenlnct ; >.r., unpnanoo [or tlw 
right kidmy on the posterior lurfue of the liTer ; the aitiutiaii of the tiro bidneyt la well ahowD hj Hnt cam' 
epcoding impreadon* in the cut ; ox. tU., due. col., uoending and deaceoding coloD ; fit., back of ths 
peritaaeDm ; m, line of attachment of the meaeatcr; ; Vin. IX. X, XI, the oorreapoodiDg ribi ; iL, ileum. 

At the anterior border, the two layers of the transverse meso-colon separate ; 
the anterior layer ascending in relation with the anterior surface of the pancreas, 
while the posterior layer passes backwards in contact with the inferior surface. 
The posterior surface is thus devoid of peritoneum, while the anterior surface is 
related to the bursa omentaUs, and the inferior surface to the great sac of the 
peritoneum. 

The tail of the pancreas is in contact with the lower part of the inner sniface 
of the spleen, and is bounded in front by the stomach and behind by the left kidney. 

The transpyloric plane usually corresponds approximately to the lower border 
of the body and tail of the pancreas, while the head turns downwards to the right 
of the median plane, and is situated in great part below the transpyloric plane, bo 
that the head of the pancreas lies in the right umbilical and right epigastric, 
and the body and tail in the left epigastric and left hypochondriac regions 
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Snetua paper eatloiu, —The principal excretory duct, called the fanareaiic 
duct or canal of Wirsitng, ruoB through the entire length of the gland from left to 
right, buried entirely in its substance. Commencing by the union of the small 
ducts, derived from the groups of lobules composing the tail of the pancreas, and 
receiving in succession at various angles and from all sides the ducts from the body 
of the gland, the canal of Wirsung pursues a nearly straight course in the axis of 
the gland until it reaches the neck. Here it turns obliquely downwards, backwards, 
and to the right through the neck and head, gradually approaching the posterior 
surface of the latter. Near its termination it comes in contact with the left side 
of the common bile-duct, which it accompanies to the second part of the duodenum. 
As the duct passes through the body of the pancreas, it lies rather nearer the upper 



(P. T. Ciymble.) 
eipoied iTiilg behind the omental bona, the 

than the lower border, and the dorsal than the ventral surface. As it traverses 
the head of the pancreas, it is joined by numerous branches, one of which, coming 
from the lower part of the head, is larger than the others The bile and pancreatic 
ducts, placed side by side, pass very obliquely through the muscular and areolar 
coats of the intestine, and terminate, as already described, on its internal surface, 
by a common orifice, situated near the junction of the second and third portiooa 
of the duodenum, between 8 cm. and 10 cm. below the pylorus. The pancreatic 
duct, with its branches, is readily distinguished within the glandular substance, 
by the very white appearance of its thin fibrous walls. Its widest part, near the 
duodenum, is from 2 mm. to 3 mm. in diameter, or nearly the size of an ordinary 
quill. It is lined by a remarkably thin and smooth membrane, which, near the 
termination of the duct, may present a few scattered recesses. 

Snctns aooeMorlna, or duct of Santoriui. — In addition to the main duct, 
there is almost invariably auother, much smaller in size, which leaves the main duct 
a little to the right of the neck of the gland, and, passing outwards, opens into the 
duodenum on a small papilla about 2 cm. above the common orifice of the bile and 
pancreatic ducts. It drains the upper and anterior part of the head of the pancreas. 
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Th« accessory duct often nanrows as it approaches the daodenum. On the other 
hand, it maj be enlarged, and serve as the main channel foi the discliaTge of the 

pancieatic juice into the duodenum. 

The presenoe of two dads i» explained hy a refeience to the development of the pajioreu. 
There are two outgrowths from the duodennm to form the pandeai : one dorsal &iid the other 
ventral — the latter being closely associated with the biliary diverticolum. Tha dorsal outgrowth 
is the more active, forming the whole of the gland except the lower part of the head. The two 
glandular masses and their ducts join, and the portion of the dorsal duct on the duodenal side 
of the junction, growing less rapidly than the ventral duct, becomes the accessory duct ; while 
the distal portion of the dorsal duct and the ventral duct form the main pancreatic doct. For 
accounts of special observations on the arrangement of the pancreatic duets, consult Schicmer 
[Btitrdge zur Otichichte und Anat. dea Panlcreaa, Basel, 1893) and W. H. Baldwin (' The Pancreatic 
Duots in Man,' The Anatomieai Bteord, vol. v.. May 1911). 

Varletlea of tbe puioreaa and Itsiliiats.' — One of the mostinteresting.bntrare, variations 
in the form of the pancreas, is the condition known as the annular panoreas. The duodenum, 
usually its descending part, is surrounded by a ring of pancreatic tissue continuous with the 
head of the gland. It generally causes a constriction ol the dnodenum at the situation of this 
ring, with dilations above and below (Symington, ' Notes on a Bare Abnormality of the Pancreas, 



Fra. 143.— Duodenum Aim rAiroBEAa virwid raoM the rsom:. (W. M. BsMwin.) 
A portioa of the panoivas has beea lemoved to eipoea ila ducts. 

Jovi. Aiud. and Phys., vol. nx., 1885). Various attempts have been made to explain the mode 
of production of this variation (see W.M. Baldwin, ' A Specimen of Annular Pancreas,' Anaiomiad 
Beeord, vol. iv., August 1910 ; and Lecco, ' Zur Morphologic des Pancreas annulare,' Siti. d. K 
Akad. d. WiMtnach. in Witn, 1910 ; and Elizabeth Cords, ' Ein Fall von ringtormigen Pancreas 
nebst Bemerkungen ueber die Genese dieser Anomalie,' Anat. Anzeiger, Bd. xxxix.. 1911). It 
is generally admitted that the ventral rudiment of the pancreas connsts of a right and a left 
part. The left usually atrophies, but it may persist, or the right half may exhibit ezcessivo 
growth and surround the panoieas. The duct contained in the ring joins the ductus pancreaticua 
near the duodenum. The tail of the pancreas is sometimes bifid ; and the part of the head 
lying behind the mesenteric vessels may be separate from the remainder of the gland, and form 
what is called the ItMtr pancretu. 

Various examples of an accessory pancreas have been described. They occur most frequently 
in the waU of the upper part of the jejunum ; more rarely, in the wall of the stomach or of the 
ileum. They are generally situated either in the submucous or the subserous coat, but may 
extend amongst the muscular fibres. The size of these masses varies in diameter, from a few 
millimetres to four or five centimetres. Their appearance in the wall of the intestine is a 
repetition of a normal condition in some of the lower vertebrata. In a few cases, some pancreatic 
tissue has been found at the blind end of intestinal diverticula (see Zenker, ' Nebenpanoreas in der 
Darmwand,' Arch, /. jxUh. Anat., Bd. xxi. ; Glinski, ' Zur Kenntniss des Nebenpanoieas und 
varwandter Zustande,' Areh. f. path. Anat., Bd. clxiv ; Beitnan, ' Zwei Fiille von accesoriechen 
Pancreas.' Anai. Ameiger, Bd. zziii.). 
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Peculiarities in the infant. — By the time of birth, the pancreas has acquired its 
adult position and shape, but, owing to the relatively large size of the supra-renal 
gland at this period, as compared with the kidney, the left gland may extend 
downwards sufficiently far on the kidney to separate the pancreas entirely from 
contact with this organ. Its length at birth is about 3*5 cm. (Ballantyne). 

Structure. — The pancreas has no well-defined fibrous capsule, but is invested 
by loose areolar tissue, and the peritoneum which covers it can be readily detached 
from the gland. It belongs to the class of acino-tubular glands. In its general 
characters it closely resembles the salivary glands, but it is somewhat looser and 
softer in its texture than those organs, the lobes and lobules being less compactly 
arranged. 

Blood-vessels, Ijrmpliatios, and nerves. — The arteries of the pancreas 
are derived from the splenic and hepatic divisions of the cadiac axis, and from the 
inferior pancreaticoduodenal branch of the superior mesenteric. Its veins are 
tributaries of the splenic and superior mesenteric, and therefore belong to the portal 
system. The Ijrmpliatlo vessels of the pancreas pass to varioiis groups of glands, 
which are not only connected with the pancreas but also with some of the neigh- 
bouring abdominal organs — such as the stomach, spleen, left supra-renal gland, 
liver, and duodenum. Their arrangement within the pancreas is similar to that 
found in the salivary glands. 

The nerves are derived from the coeliac plexus, and accompany the arteries to 
the organ. They are almost exclusively non-medullated, and have minute ganglia 
on them as they traverse the gland. Besides these ganglia, small cells — apparently 
of nervous nature — are foimd upon the nerves, near their distribution to the 
epithelium-ceUs of the alveoli, over and between which they ultimately ramify. 
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The organs of respiration and voice (aj)paratu8 respiratorius) comprise the larynxy 
trachea^ and bronchi ; and the lungs, with their serous investments, named the 
pleurcB. They also include the nasal cavities (described in Vol. III. Pt. II., in 
connexion with the organs of sense) and the upper part of the pharynx. 

The pharynx, the upper part of which serves as a respiratory passage, has 
already been described in this part of Vol. II. 

The respiratory organs are developed as a median outgrowth from the ventral 
wall of the fore-gut, and this primitive connexion between the alimentary canal 
and the respiratory apparatus is maintained in the adult, the upper end of the 
air-passage opening on the anterior wall of the pharynx. Below, this median 
air-tube divides into two lateral branches, one for each lung, while its upper 
part is modified to form the organ of voice. In the majority of mammals, the 
larynx opens into the nasal part of the pharynx, the ventral boundary of 
the orifice (the epiglottis), projecting forwards behind the soft palate. This 
is not the case, however, in the human subject, either during intra-uterine or 
extra-uterine life. 

LARYNX. 

The larynx is placed at the upper and fore-part of the neck, where it forms a 
considerable prominence in the middle line. It lies between the large vessels of 
the neck, and is suspended from the tongue and hyoid bone. It is covered in front 
by the skin and cervical fascia along the middle line, and on each side also by the 
sterno-hyoid, omo-hyoid, stemo-thyroid, and thyro-hyoid muscles, by the upper 
end of the lateral lobe of the thyroid gland, and by a small part of the inferior 
constrictor of the pharynx. Behind, it is separated from the fourth, fifth, and 
sixth cervical vertebrae by the laryngeal part of the pharynx and the prevertebral 
muscles. Above, it opens into the cavity of the pharynx, and below, into that 
of the trachea (fig. 54). ^ 

Its dimensions, according to Sappey, are, on an average of eight males and 
eight females, as follows : — 

Vertical diameter, measured from the upper border of the thyroid cartilage to 
the lower border of the cricoid, 44 mm. in the male and 36 mm. in the female. 

Transverse diameter, represented by the distance between the posterior borders 
of the thyroid cartilage, 43 mm. in the male and 41 mm. in the female. 

Anterchfosterior diameter, measured from the most prominent part of the 
anterior border of the thyroid cartilage to a line uniting its posterior borders, 
36 mm. in the male and 26 mm. in the female. 

The larynx consists of a framework of cartilages, articulated together, and 
connected by elastic membranes or ligaments, two of which, projecting towards 
the interior of the cavity, are named the pliccB vocales, being more immediately 

(152) 
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concerned in the productioa of the voice. It pOBseseeB special muscles, which 
moTfi the cartilages one upon another, and modify its form and the tension of ite 
ligaments. It is lined hy a mucous membrane, continuous above with the 
mucous membrane of the pharynx, and below with that of the trachea. 

CARTILAOINES LABYNOI3. 

The cartilages of the larynx consist of three single and symmetrical pieces, 
named respectively the thyroid caHUage, the cricoid cartilage, and the cartilage of 
the epigltMe ; and of three pairs, namely — the arytenoid oartilagps, the eomicuUUe 



Fio. lUS.— BicK viiw or thb LutrsoKAL 

CUTILiaiB AUD UaAHEBTS. (Sappey.) 

Fw. 1*4.— Fbost vmw oi. THB LiBTBOEiL j^ ,|,_^ cutjkge ; B. Cricoid culUwei 

CABTiLioffi iSD LWAMiim. (S«ppey,) 3_ Kytenoid cutilagw; 4. tbeir muKuW pro- 

I, hyoid boDD ; 2. ita Urge comiu ; 3, ita inuJI c«aMa i 6. H ligament better maiked than naual. 

oomna ; 4, tbyniid cartila^ ; 5, thyro-hjokl ' coaasctiag the lower corca of the thyroid with 

IDambrana ; 6, lateral thyio-byoid ligament, the back of the criuvd cartilage ; e, upper riog 

containing the carliiago triHca, T; 8. cricoid of the trachea; T, epiglottis; S, ligament coii- 

oartiUge ; 9, crici>thjroid membrane ; 10. necting it to the angle of the thyroid cartilage. 

ktaral cerato-oricoid Ugamenta 11. uppennoat- The coitilagiuea comkulat« are aeen taimountiag 

ling of trtchaa. the aiytenoid cartilagee. 

cartilages [Santorini], and the cuneiform cartilages [Wriabergi]. In all, there are 
nine distinct pieces, but the corniculate and cuneiform cartilages are very small. 
Only the thyroid and cricoid cartilages are visible on the front and sides of the 
larynx ; the back of the cricoid cartilage, surmounted by the arytenoid cartilages, 
and these again by the corniculate, are seen behind ; whilst the epiglottis ia situated 
in front of, and cuneiform cartilages on each side of, the upper opening. 

The tlirroid, which is the largest of the laryngeal cartilages, consists of two 
flat lateral plates (lamina dextra and lamina sinistra), which are united in front 
at the isthmus, and form an angle of about 90° with one another in the male, and 
120° in the female. Thisangularprojectionissubcutaneous, most prominent at the 
upper part, and is much more marked in the male than in the female, being named 
in the former the pomnm Adaml (prominentia laryngea). 
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The two symmetrical halves, called the laminse, are somewhat quadrilateral in 
form. Of each half, the anterior border is the shortest ; the superior border of the 
isthmus being surmounted by a deep thyroid notch (see fig. 144). The free posterior 
border is thickened and vertical, and is prolonged upwards and downwards into 
two processes or cornua ; it gives attachment to the stylo-pharyngeus and palato- 
pharyngeus muscles. The upper and lower borders have each a well-marked 
concavity close to the comu ; otherwise, the upper is convex and the lower nearly 
straight. The flattened lateral surface of each lamina is marked by an indistinct 
oblique line or ridge (fig. 144), which, commencing above at the posterior part of 
the superior border, in a slight prominence called the superior tvherde^ passes down- 
wards and slightly forwards and ends at the lower border in an inferior tvherde, 
so as to mark ofi the anterior three-fourths of the surface from the remainder. 
T his line gives attachment below to the stemo-thyroid, and above to the thy ro- 
hyoid muscle ; whilst the small smooth surface behind it gives origin to part of 
the infer ior const rictor of the pharynx, and afiords attachment, by means of 
areolar tissue, to the t hyroid body. On their median surfaces, the laminae are 
smooth and slightly concave. A t or close to the receding angle, are atta ched, from 
above downwards^^th e epiglottis, the_veTitricular and vocal fo lds, and, slightlvfa rther 
o ut, tn e tfayro-arytenoidei muscles. Below, and in front, the median surface 
of the thyroid cartilage forms part of the lateral wall of the larynx ; while above 
and behind, it is covered by the mucoiis membrane of the pharynx (see figs. 156 
and 157). Of the four cornua, aU of which bend inwards, the two superior or 
great cornua (fig. 145) pass upwards, with sometimes a slight backward curve, 
and terminate each in a blunt extremity which is connected, by means of the 
lateral thyro-hyoid ligamen t, to the tip of the corresponding great comu of the 
hyoid bone "(}igrT44, 2). The inferior or sfnaUer cornua, which are somewhat 
thicker, but shorter, are directed slightly forwards, and, on the inne r aspect o£ 
th e tip , show a s mooth surface for articulation wit h a pro minenc e on the side 
of the cri coid cartilage. 

OccasionaUy, there is a foramen in the lamina of the thyroid cartilage, eituated near the 
apper part of its posterior border ; an abnormal branch of the superior laryngeal artery passes 
through it. In the infant, the isthmus of the thyroid cartilage differs from the two laminae 
in being less opaque and more flexible. 

The orlooid ca rtilag e (figs. 144, 8 and 152, 2), which is shaped like a signet-ring, 
is thicker and stronger than the thyroid. It is deep behind, where it is expanded 
into a squarish plate or lamina, measuring in the male about 25 mm. from above 
downwards ; but in front it is shallow, having a vertical measurement of only 8 mm. 
The superior border, which is markedly elevated behind, passes downwwls and 
forwards to end anteriorly below the thyroid cartilage ; while the inferior border is 
horizontal, and connected by fibrous tissue to the first ring of the trachea. The 
posterior elevated part of the upper border is shghtly depressed towards the middle 
line, and at the sides of this depression are the el ongated oval fac ets for articulation 
with the arytenoid cartilages. These facets are cylindricaUy curved, a nd th ey 
look outwards as well as upwards. The convex aspect of the ring of cartilage is 
smooth in front and at the sides, where it afiords attachment to the crico-thvroid 
muscles, and behind these to the inferior constrictors of the pharynx, while 
posteriorly it presents a ver tical median ri dge, to which some of the longitudinal 
fibres of the CBSophagus are attached. On each side of this ridge is a broa d 
de pressio n, occupied by the posterior cricp^arytenoid muscle ; lateral to which 
is a small, flat, oval and slightly raised sm*face for articulation with the inferior 
comu of the thyroid cartilage. The concave inner surface of the ring is covered 
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throu gliout by the mucous membrane of tbe larynx. At its lower border, the 
cricoid is circular, but, higher up, the cartilage Is somewhat compressed laterally, 
so that the passage through it is here e lliptic al. 

The arjtenoid oartilagres (fig. 145, 3) are two in number, and symmetrical 
in form and position. They may be compared in shape to ir regular th ree-sided 
pyramids, and they rest by their bases on the posterior and highest part~6fl^he 
cricoid cartilage, while their so mewhat curved apices appr oach one another. Each is 
about 20 mm. high and 10 mm. broad at the base. Oi the three faces, the posterior 
is broad, triangular, and concave from above downwards, lodging part of the 
arytenoid muscle. The antero-lateral surface has a transverse ridge (cnstaarcuatg), 
situated about the junction of its lower an d middle thirds ; above and below 
this, the surface is concave. The lower concavity (f ovea oblo ngata) gives 
attachment to the th yrn-ftrytenoidQUfl and the lateral crico- aryten oid muscles ; the 
upper (fovea triangu laris) gives attachment to the liga merUu m ventricularis of the 
plic a ven tricularis, and is also closely related to a quantity of glandulaf tissue. The 
m eiu in surface is the narrowest of the three ; indeed, in its upper half it \& reduced 
to a narrow border, is nearly parallel to that of the opposite cartilage, and is 
covered below by the lary ngeal mucous membrane. 

The base of each arytenoid cartilage is slightly hollowed, having towards its 
outer part a smooth concave surface for articulation with the cricoid cartilage. 
T wo of its angles are remarkably prom inent : namely— on e lateral, shor t and 
rounded, which projects backwards and outwards, and into which the post erior an d 
the Tateral crico-arytenoid muscle s are inserted (processus muscularis) ; the other 
anterior, which is more pointed, and forms a horizontal projection, to which the 
corresponding v ocal ligamen t is attached (processus vocdlis). 

The apex curves backwards and a little inwards, and terminates in a blunt point, 
which is surmounted by the comiculate cartilage. 

A small cartilaginoas nodule (s esamoid cartila ge) is sometimes found at the outer side of 
the arytenoid, near the tip, embedded in the perichondrium. 

The o omionlate oartila gea [Santorini] are two small yellowish cartilaginous 
nodules of a somewhat conical shape, which are articulated with the summits 
of the arytenoid cartilages (fig. 145), and serve, as it were, to prolong them 
ba ckwards and inw ards. They sometimes form part of the arytenoid cartilages. 

The e nnelform o artilagea [Wrisbergi] are two very small, oblong, yellowish, 
cartilaginous bodies, placed one on each side towards the posterior part of the fold 
of the mucous membrane (pli ca arye pighuica), which extends from the summit of 
the arytenoid cartilage to the epiglottis. They occasion small elevations of the 
mucous membrane, a Uttle in advance of the cornicula, with which, however, they 
are not directly connected. 

According to Goeppert (' Ueber die Herkunft des Wrisbergischen Knorpels/ Morjjih. Jahrhuch,, 
Bd. xzi., 1894), these cartilages are primarily lateral processes of the epiglottis, which may become 
detached from this cartilage and secondarily united with the arytenoids. In some mammals, the 
epiglottis, the cuneiform'^and the arytenoid cartilages form a ring surrounding the laryngeal 
aperture. The cuneiform cartilages are sometimes absent. 

The epiglott is (fig. 145, 7) is a median lamella of yellow fibro-cartilage, shaped 
somewhat like an o bova te leaf, and covered by mucous membrane. It is placed in 
front of the superior opening of the larynx, projecting, in the ordinary condition, 
upwards immediately behind the base of the tongue. 

The cartilage of the epiglottis is broad and rounded at its upper free margin, 
but below it becomes pointed, and is prolonged by means of a narrow, elastic band 
(the i hyro-epiglo ttic ligam ent) to the deep angular depression between the laminse 
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of the thyroid cartilage, to whic h it is a ttached behind and just be low the me dian 
notch. Its lateral borders, which are convex and turned backwards, are only partly 
free, the lower parts being enveloped in the a ryepigl ottic folds of mucous membrane. 
The anterior or lingual surface is free only in its upper part, where it is covered by 
mucous membrane. Lower down, the membrane is reflected from it forwards 
to the base of the tongue, forming three folds — the median, and the two lateral 
glo880-epiglottic_2^iccB. This surface is also connected below with the posterior 
surface of the hyoid bone by a median elastic structure named the hyo-^ptgla Uic 
ligamerU. The posterior or laryngeal surface, which is free in the whole of its extent, 
presents from above downwards two convexities, with an intermediate concavity. 
The lower convexity, projecting backwards into the laryngeal cavity, is named the 
tubercul um epiglotticu m. The epiglottis is closely covered by mucous membrane, 
on removing which, the yellow cartilaginous lamella is seen to be pierced by numerous 
little pits and perforations, in which are lodged small glands, which open on the 
surface of the mucous membrane. 

Minute additional laryngeal cartilages are sometimes present. An inter-arytenoid or pre-cricoid 
occurs regularly in some animals, but is rare in man, as are also the sesamoid cartilages found 
on the lateral aspects of the arytenoid cartilages. 

Structure of the oartilas'es of the larynx. — The epiglottis, the comicu- 
late, and the cimeiform cartilages are composed of elastic or yel low fibro-cartila ge, 
and have no tendency to ossify. The apices of the arytenoid cartilages are also 
formed of elastic flbro-cartilage, but the greater part of these, as well as the cricoid 
and thyroid cartilage, are composed of h yaline cart ilage, resembling generally 
that of the costal cartilages, like which, they are very p rone to ossifi cation as life 
advan cJBS. " 

Peculiarities of the larynx accordingr to agre and sex. — In the fetu s 
the l arynx is consider ably highe r, in relation to the vertebral column, than in the 
adult. Thus, in the si xth month of fetal lif e, the upper end of the epiglotti s is 
o pposit e the a nterior ar ch of t he atlas, and the lower border of the cricoid cartilage 
is at the le vel of the midcUe of th e_bod y of th&_f ourth_cervical, the whole larynx 
being thus fully two vertebrce higher than in adult life. Until puberty, the larynx 
gradually descends^ by which time it has attained its adult position. This descent 
of the larynx is, therefore, independent of the special increase in size of the organ 
occurring at puberty, and appears to be associated with the growth in a vertical 
direction of the facial part of the skull, which is relatively very small in the fetus, 
and with the subsidence in early life of the thoracic viscera (see J. Symington, 
* On the Relations of the Larvnx and Trachea to the Vertebral Colunm in the Fetus 
and Child,* Jour. Anat, and Phys., vol. xix., 1885). 

Up to the age of puberty, the larynx is similar in the male and female ; the chief 
characteristics at that period being the small size and comparative slightness of 
the organ, and the smooth roimded form of the thyroid cartilage in front. In the 
fes^e, these c ondition s arejpermanent. excepting that a slight increase in size takes 
place. In thejnale, on the^ontrary, at the time of puberty, remarkable changes 
rapidly occur, and the larynx becomes more prominenfand more perceptible at the 
upper part of the neck. Its cartilages become larger, thicker, and stronger, and 
the laminse of the thyroid cartilage project forwards in front so as to form at their 
union with one another the prominent ridge of the pomum Adami, At the same 
time, the median notch on its upper border is considerably deepened. In con- 
sequence of these changes in the thyroid cartilage, the distance between^its angle 
in front and the arytenoid cartilages behind becomes greater, an? the vocal liga- 
ments are necessarily lengthened. Hence the dimensions of the glottis, which, at 
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the tame of puberty, undergo an increase of about one-third only in the female, 
are nearly doubled in the male, and the adult naale larynxHSe comes altogether 
on e-third larger than that of the fema le. ~~ 

" Taguchi^ found that the average distance from the upper border of the 
thyroid cartilage to the lower border of the cricoid, measured in the median 
plane, was in thirty-nine males 4*8 cm. and in thirty-three females 3*8 cm. 

Ossllloatloii oftbe oartllares of tbe larynx. — At about t wenty yea rs of age, ossification 
usual ly begins in the thyroid and cricoid cartilages, and a few years later in the arytenoids. In 
the thyroid cartilage, ossification takes place first near the inferior comu, and this is speedily 
followed by the appearance of a median nucleus in the angle between the laminae ; from the lower 
comu the ossification extends along the inferior and posterior borders, and thence spreads through 
the lamina. The cricoid cartilage first becomes ossified at its upper border on each side, near the 
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FlO. 146. — ^VlXWS or THTBOID, CBIOOID, and ABYTBNOID CABTILAaES PABTIALLT OSSITIXD 

Portion os^fied shaded. (Chievitz.) 
The relatiye proportions of the three cartilages are not kept in this figure. 

A, thyroid cartilage, with inferior comu and adjacent part of lamina ossified ; B, cricoid cartilage ossified 
at upper part ; C, ai^tenoid almost completely ossified. 

arytenoid and thyroid articular facets, and the bony masses of thetwo sides soon become united 
across the back of the ring ; the lower border remains cartilaginous for some time longer. The 
arytenoid cartilage s^jeco me oss ified from below upwards. The ossification begins somewhat 
earlier, and proceeds more rapidly~in the male than in the female (J. H. Chieyitz, Arch, /. 
Anal., 1882; and M. Schleier, Arch, de Lory,, 1898). 



MOBPHOLOGT OF THE CABTILAOES OF THE LABTNX. 

The cricoid and the arytenoids are the most primitiye of the laryngeal cartilages, being 
found in connexion with the air-passages of certain of the amphibia, and also in the reptilia ; 
while the thyroid and the epiglottis — at least in a well-deyeloped condition — are peculiar to 
mammals. The cricoid cartilage is deriyed from the upper part of the cartilaginous framework 
of the trachea. In some mammals (marsupials) it blends in front with the thyroid cartilage. 
The arytenoid cartilages may represent the two lateral elements of a tracheal ring. In marsupials, 
these two cartilages articulate with one another at their base. The thyroid cartilage represents 
the yentral portions of the skeleton of two pairs of yisceral arches (fourth and fifth), with probably 
one or two median pieces or copulse. In the ornithorhynchus, these~five parts of the thyroid can 
be recognised as distinct elements, but in the higher mammalia they are more or less blended. 
In man, the two comua of each lamina represent ununited parts of the two arches ; while 
the peculiarities in appearance and structure of the isthmus, as compared with the lamina, indicate 
the median portion uniting the arches. Both Nicolas and Kallius haye shown that the thyroid 
cartilage is deyeloped as a paired structure; and in each lateral half, according to Kallius, cartilage 
first appears in two places — one near the cranial and the other at the caudal border. According 
to Dubois, the epiglottis represents a chondrification in the submucosa of the glosso-laryngeal 
fold, the cartilages of Wrisberg being formed in a similar manner in the yentricular folds. Gegen- 
baur maintains, howeyer, that the epiglottis is an independent element of the skeleton, deriyed 
from the fourth pair of yisceral arches, and according to Goeppert, the cartilages of Wrisberg 

1 * Beitri^ zur topographischen Anatomic des Kehlkopfes,' Areh. /. Anat., 1889. 
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are formed from the lateral processes of the primitive epiglottis. There is no evidence that the 
epiglottis was primitively a paired structure, and it is probably not derived from a visceral arch. 
One or two cartilaginous elements are often found between the arytenoid cartilages (inter- 
arytenoid) in mammals, and are sometimes met with in man. For literature, consult Dubois, 
' Zur Morphologic des Lar3nix/ AruU, Ameiger, 1886 ; Gegenbaur, Die Epiglottis, 1892 ; S3rmington, 
' The Marsupial Larynx/ Jour. AruU. and Phys., voL xxxiii., and ' The Cartilages of the 
Monotreme Larjmx/ ibid., vol. zxxiv. ; Goeppert, * Ueber die Herkunft des Wrisbergischen 
KnorpeUf* JMorph. JahrbuchtBd. xxi., 1894 ; Nicolas/ Recherches sur le d^veloppement de quelques 
^l^ments du larynx humain/ Bibliog. AiuU., 1894 ; Kallius, ' Beitrage zur Entwickelungs- 
geschichte des Kehlkopfes/ AncU. Hefte, Bd. ix., 1897 ; and J. Schaffer, ' Zur Histologie, 
Histogenese und phylogenetischen Bedeutung der Epiglottis/ AruU. Hefte, Heft 101, 1907. 



LIGAMENTS AND JOINTS OF THE LARYNX. 

The c ontinuous layer of fibrous tissue , uniting the thyroid cartilage with the 
hyoid bone, is described as consisting of a median hyo-thyroid ligam ents and on 
each side of this of a hyo-thyroid membrane and a lateral hyo-tbyroid ligam ent. 
The ligamentum hyo-thyroideum medium is attached below to the notch on the 
upper border of the th3nroid cartilage, and, above, to the upper part of the posterior 
surface of the body of the hyoid bone. Owing to this arrangement, the thyroid 
cartilage, when drawn upwards, readily slips within the circumference of the hyoid 
bone. Behind this ligament is the epiglottis, with the mucous membrane of the 
base of the tongue, separated, however, by adipose tissue and mucous glands. 
The msmbrana hyo-thyroidea connects the lateral part of the lamina of the thyroid 
cartilage with the great coma of the hyoid bone. This membrane is thin and 
loose, and is p erforated by the superior laryngeal vessels and the internal bra nch 
of the superior laryngeal nerv e. The ligamentum hyo-thyroideum laterale, placed 
at the posterior limit of the hyo-thyxoid membrane, is a ro und y ellowish cord, 
which passes up from the tip of th e superi or cornu of the thyroid carti lage to the 
posterior extremity of the great c ornu of th e hyoid bo ne. It frequently encloses 
a small obTong cartilaginous nodule, which is named cartHago triticea ; sometimes 
this nodule is bony. 

In front of the median hyo-thyroid l igam ent are two bursae ; one of these 
is large, and extends from behind the bod y of t he hyoid bone_downwards to the 
notch on the^thyroid cartilage, the other, small and not constant, lies in the 
concavity j3a the posterior aspect of the hyfiid__boi^^ aiiil in fr ont of th e upper 
end of the large r sa c (Clermont, * Les bourses muqueuses prelaryng^,' Bibliog. 
anai., t. xv., 1906). 

The thyroid and cricoid cartilages are connected by a membranous ligament 
and the capsules of a pair of synovial articulations. 

The ortoo-thyroid membrane (fig. 144, 9) is divisible into a me^an and 
two lateral portions. The median or anterior portion, broad below and narrow 
above, is a strong, triangular, yellowish ligament, consisting chiefly of elastic 
tissue, and is attached below to the upper border of the anterior arch of the 
cricoid cartilage, and, above, to the median part of the lower border of the 
thyroid cartilage. Its anterior surface is convex, is partly covered by the crico- 
thyroid muscles, and is crossed ho rizontally by a small anasto motic arteria l arch, 
formed by the jimction of the crico- thyroid branc hes of the rij;ht and left su perior 
thyroid arteries. The lateral portions are fixed below on each side along the inner 
edge of the upper border of the cricoid, and, passing upwards in relation to the 
mucous membrane of the larynx, terminate above by becoming continuous with 
the inferior thyro-arytenoid ligaments. The whole of the crico-thjrroid mem- 
brane, with the last-namedTIigamenfs, is sometimes termed the conus elasticus (His).. 
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The orioo-thyroid artionlations, between the inferior comua of the 
thyroid cartilage and the lateral aspects of the cricoid, are t wo small but distin ct 
joints, having each a ligamentous capsule and a synovial membrane. The 
prominent oval articular surfaces of the cricoid cartilage are directed upwards 
and outwards, while those of the thyroid cartilage look in the opposite direction. 
The capsule is strengthened by several small fibrous bundles, known as the 
c erato-cricoid li gaments. The movement allowed is of a r otatory descrip tion, 
t&e axis of rotation passing transversely through the two joints. In addition, 
a slight g liding movem ent, forwards and backwards, may occur. 

Iileraments of the epigrlottis. — The blun t apex of the epiglottis ('petiolus 
epi gloUi dis) is connected with the upper part of the receding angl e of^the thyroid 
ca rtilage by _the thyro -epiglott ic ligament. The median and two lateral folds of 
mucous membrane extending from The front of the epiglottis to the tongue 
contain some ligamentous fibres (mediau and late ral glo sso-epiglottic ligaments). 
A rather strong band of fibres passes from the upper border of the body of the 
hyoid bone horizontally backwards to the front of the epiglottis, forming the 
hyo-epiglo ttic ligament. Below this, is a space bounde d in front b y the median 
thyro-hyoid ligament, and be hind by the epiglottis, and extend ing laterally 
betwe en the thyrg -hyoid me mbrane and the muc ous membrane of the pharynx 
(see E. Saint-Martin, * Region glosso-thyro-6pigiottique,' Comptes Rendus de 
V Association des Anatomistes, 1911). 

The ligamenta ventriculares consist of a few slig ht e la stic fasc iculi, contained 
within the folds of mucous membrane, forming the plicce ventriculares (hereafter to 
be described), and are fixed in front to th e angle betwe en the lam TnaBofjhe thyroid 
cartilage, somewhat above its middle, and closetq the attachment of the epiglottis ; 
behind, they are connected to the inner part of the fovea triangularis on the 
antCTOjateral surface of thearytenoid cartilages. They are continuous above 
with scattered elastic bundles, which reach upwards into the aryepiglottic folds, 
and, forwards, to the sides of the epiglottis. This layer of elastic fibres forms 
on each side the m enibrana q uadrangularis. 

The l igam e nta vocal ei~afer"fb"r"me5 of fine closely arranged elastic fibres, 
which are a ttached in f ront to the middle of the angle be tween the alse of the 
thy roid cartil age, and behind to The vocal processes of the arytenoid cartilages. 
The i nner edge of each ligament STree and sharp Iy'deB iied bet ween th ese attach- 
ments, and, covered by the mucous membrane, forms the plica vocalis. In other 
directions these ligaments are less sharply defined, for, in their outer part, they 
spread out both above and below as they pass backwards. Below, the vocal 
ligament passes in continuity with the cerato-cricoid ligament, so that it may 
be described as an upward exteosion of this ligament ; and the vocal ligament 
may be stated to be formed by the superior free edge of the crico-thyroid 
membrane. 

The orloo-arytenoid articulations, like the crico-thyroid, are typical 
diarth rodial joints, each having a capsular ligament, and a synovial membrane 
and cavity. ~ The articular surface on the cricoid has its long axis directed from 
above outwards and downwards, and a vertical section of the joint in this axis 
shows the two opposing surfaces of the cricoid and arytenoid to be flat. The surface 
on the cricoid is convex from before backwards and outwards, and the arytenoid 
shows a corresponding concavity. From the shape of the opposing surfaces, the 
joint may be described as cylindrical. The articular surface on the cricoid is a 
little larger than that on the arytenoid, and there is a s mall me niscus at the posterior 
part of the joint. The capsule is thin and lax^ e xcept beh ind, where it is strengthened 
by a^^osterior crico-arytenoid ligament. The movements of the joint are free. 
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and couBiBt of (a) a movement round the long axis of the joint, so that the vocal 

proeeB3 _Qf the arytenoid ia tu raed in wards and downwards (flexion), or upwards 

and outwards (extension) ; (b) a gliding movement of tbe arytenoid, upwards and 

" in wards"; or downwards and outwards ; and 

(c) a r otation of th e aryteno id on its long 

a xis, b y which the vocal process is turned 

inwards ur" outwards. It is at this joint 

that the movements occur bv which the 
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of thyroid cutilage ; S. pottuior part ol tht uue 
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7.Tp«ior^«d inferi^ t«b«rol», ^tl^ of ^"^ IW-M^CLK or th> labybi *. ..„ 

obliquB lin.: 8. upper cornu of ihjitid; B, ^*«"T' "' ™' "^ " '""' ■■""»■ 

thjro-hyoid ligament; 10, cartilago trilioea i 11, i»»P[»7-) 

lomr corDD of thyroid, articulating with the 1, poMerioc erioo-arjtenoid ; S. arjtedoid 

oricaid; 12, •otarioc part of cricoid ; 13, crico- muMle ; 3, 4, obliqps fibre* paaidiig arooikd tlw 

thyroid membraiw ; 14, crinD-thyraid rauiclc ; edge of the arytenoid cartilage, eome of which 

IS, posterior orioo'aiTteDoid muaole, partly hidden join the thyro-aiytcnoid, and otben form (S) tbe 

bj thyroid oartibge. aryepiglotUo. 

vocal folds are separated or approximated and rendered lax, the te nsion of the 
vocal folda being produced by a movement of the crico-thyroid joints.^ 

MV8CLES OS THE LABTHX. 

B^deB certain extrinsic muscles elsewhere described — namely, the sterno-hyoid, 
omo-hyoid, stemo- thyroid, and thyro-hyoid muscles, together with the muscles 
of the supra-hyoid region, the middle and inferior conBtrictors of the pharynx, 
and the stylo-pharyngeua and palato-pharyngeus, a ll of which act more or less 
I upontheentire larynx — there are other muscles which move the diflerent cartilages 
upon one anothefT and modify the size of the aperture in the larynx (the 
rinia glottidia) and the Btate of tension of the vocal ligaments bounding the 
anterior part of the rima glottidis. 

These iut .riaaic masclea are the crico-lhijroid, the posterior rricn-art/lenoid, the 
lateral crico-aryterwid, the tkyro-ari/tenoid, the arytenoid, and the aryepiglottie, 

I For fortber particnUn ngarding thii Joint. 
Inavg. DUaertatioK, Konigsberg, lB9fi ; and Chupy anc 
lee oylinilroiaa,' Compla Bindm dt rAiiodalion £t A% 
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together with certain other slender muBcuIar faeciculi. All these muscles, except 
the arytenoid which ciossea the middle line, are in pairs. 

The orloo-thyrold mnacia (fig, 147, 14) is a short, thick, triangular muHcle 
seen on the front ot the larynx. Its attachment below to the cricoid cartilage 
extends from the median tine a considerable way backwards, and its fibres paaaing 
upw ards and outwa rds, and div erging slinhtly, are fixed ab ove to the inferior border 
of the thyroid cartila ge, and to the ante rior ~ 

border ofits lower co rnu. The l atter po rtion 
of th e m uscle, the fib res of which are nearly 
horizouijal. is u sually d istin ct from th e reat. 
Some of the su perficial fibres are almos t always 
foat innoua with the inferior constrictor of the 
pharynx" The muscles of the two sides are 
separated from one another in the middle 
line in front, leaving a small interval, wh ich is 
triangular, with the base upwa rds. Th e cric o- 
thyroid m embrane i s bere_exposed. 

AAUon. — The ant«rior part of the muscle contract- 
ing will approii mate th e cricoid and thjpoid cartilages 
in front. In this action, the thyroid is died bj the 
extrmeic muscles ; and the anterior port of the cricoid, 
rot atJjiK op t he aiciB which~unite B the art iCBlations be- 
tween the cricoid and tfieTower comuft of the t^roid 
is dr awn ii pwacdB, aiid the part ^Hndthe^crioo. thyroid 
join ta ia depregfled, a nd witE^t the aryten oid cartilages, 
^ so that the Vocal liga mcnta "ije ttus^uton tEe stretch. 
This stretching of the vocal ligaments is still fiirtEcr 
amisted by the acti o n of th e oblign e fibres, which, 
acting from the cornn o f the fiie d thyr oid, draw the 
cricoid cartilage TacTtwards, It ia found, also, that 
with electric excitation of this muscle th o^anterior part 
of the cri coid ia raised towards tba thyroid. Paralysis 
( of these muscles is acoompamed by inability to produce 
' high notes. 

The poa terior cHco-arytenold m uade 

{fig. 148, 1), sit uated behind, arises tiom the 

broad depr essio n on the correspo nding half of 

the posterior surface of the cri coid c artil age, 

and its fibres, conyergiHg upwards^andoutwarda, 

are inserted into the muscula r pr ocess of _the 

arytenoid ca rtila ge, behin d th e attachment of 

the lateral cnco -arytenoid muscle. The upper 

fibres are short, and almost horizontal ; the middle are the longest, and run 

obliquely ; whilst the lower or external fibres are nea rly yertioal. Near their 

insertion, the upper fibres are blended, with (he Iff^ver fibres of the arytenoideus. 

&otli>ii.^^Tbe posterior orico-arytenoid muscles draw the outer angles of the arytenoid 
cortilageB backwards and inwards, and thus rotate the anterior or Toca l ptooessea outwards, and 
widen the rima glottidia. Acting with the lateral orico- arytenoid muscles, they approximate the 
Tocal oords (Kanthaok). They may also draw the arytenoid cartilages apart. They come into 
Action during deep inspiration. If paralysed, the lips of the glottis approach the middle line, 
and come in contact during each inspiration, so that severe dyapncea may be produced, 
Expiratory efforts, however. Site not impeded, and vocalisation is unafieoted. 

Vari«y.,^-In connexion with the posterior orioo- arytenoid musclH may be mentioned an 
occasional small slip in contact with ita bwer border — -namely, the oermto-orioold muscle of 
HeikeL It is a short and slender bundle, arising from the cricoid cartilage near ita lower border, 
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t, thyroid cartilage ; c, oriooid outi- 
lage ; o, tight arytenioid eartilago ; a', ita 
vocal prooew ; «. comiDolats <:artilage ; 
c V, vocal ligament ; Xho pooition of tbe 
Ljf tbe thyroid oarttlaga on 
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ft little bebiud the inferior ooma of the thyroid oartiUge, ftnd paanug obliquely otitwardf and 
upirardB to be inaerted into that procew. It usuallj etMa on one side onlj. Tomer found it in 
«even out of thirty-two bodiei. It is not known to be of any physiological significance (MeAel. 
Anai. und Phya. dm mtntehl. Stimm- und Spraeh-orgatu, Leipiig, 1867 ; Turner, in Jfotiii. Med. 
Joitrnat, February I860). 

The l af ral crtoo-arrt a nold mimcle (fig. 150, cr.ar.lat.), smallei thtm the 
poaterior. is in a great measurghidden b y the lamina of the thyroid c artilage. It 
hea along the sloping upper border of the cricoid cartilage, from which it arises, its 
origin extending aa far back aa the 
articular surface for the arytenoid. 
Its fibres pass backwards and up- 
wards, the anterior or upper ones 
being necessarily the longest, and 
they are attached t<i the mu scular 
p rocess of the aryt enoid cartilage 
and to the adjacent part of its 
anterior surface. 

This muscle is covered i nterna lly 
by the late ral part of the c rico- 
th yroid membran e, and ex tern ally 
at Its anterior _gart_by_the upper 
part of the crico-thyroid muscle. 
The upper part is in close contact, 
and, indeed, is always more or loss 
blended with the thyio -arytenoid, 
, and a Tew of its fibres are con- 

tinuous roiind^ the outer side of 
the arytenoid cartIHge with the 
arytenoideus muscle. 

AtrUon.^-Theee mu Bclea. drawipg the 
mu scular p r oceaBaa of th e aryteo oida 
forwards and downwards, rotate the 
I proocBscslnwartlfl, a nd app roximate 
tKe pTTcS vocales. Thoy thus aot 
antagonisflcally to the poBteiior crico- 
aiytenoid*. 

If both posterior and later*! ctico- 
aryt«aoida be thrown into action ajmnl- 
taneously, the arytenoids wiU not 
undoTjija rotation, but will be drawn 
inwards, and the rima glottidis will thus 
be narrowed. 

The t hyro -arytenoid mn aole 



Flo. 150.— Sni« TUtw o 



(a G. Shattwk.) 



:, epiglottis; 



A, body of hyoid boce, ci 
surface of right Umiaa of tbyroKl c&rcuage ; or, Iroot of 
oiioaid farUlage. the articular facet for tho inlerior 
coniu of the thyroid is leen poatsriorly ; th,ar, Ih.ar. 
Btufia of tbe thyro-aiyteaDid (outer portion] pusiao 
from the thyroid in front to the uytouoid behind; 
th.ar't otheji arisiiig from tfia crico-thyroid membrane ; 
another conatdBiable maH of fibrea is seen ariaing from 
tbe aame parte, and paiaing at Qnt obliquely and afler- 
rly Terljcaliy upwards ai the thyro-spiglottio 
.ej>. ; lA.ar.in,Bniall thyro-alytenoid; fA.ar.m'. 
p of the same muscle passing ioto the ven- 
id; er^ar.tai, lateral crico-aryteaoid ; cr.or.p, 
oiieo-»ryt«noid ; r.ar.tp, right aryepiglottio 
c uoiir iU origin ; f.ar.ep, left aryepiglottio near 
iHTtioD 1 Lar.tp^. portion of the same inserted 
the comioula; /., bt; «, appendix covered by 









(fig, 150)— Under this n 
included a mass of muscular tissue 
which, although containing bundles 
of muscular fibres diiTering in posi- 
tion, attachments, and function, does 
nut admit on dissection ofseparatioa 
into completely independent muscles. The mass may, however, be conveniently 
subdivided into the muse ulna voca lis, the musculus thvro-aryt.enoid eus, and the 
mu aculu a ventrioularis. The m usculus vocalis is often described as the musculua 
th yro-arytenoiHeuB intern ua. It appears, on coronal section, as a triangular bundle. 
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piojecting towardajbhe cavity of the larynx just Uteral^to the vocal ligament. 

The fibres ariae from the tbyroid cartUage externa! to the vocaMigftinent, and also 

fro m a small y ellow nodule 
I {ntacu la fiava , or c&rtilaRe of 
I LuscSkft) in the a nterio r part of 

thi s liga ment, and are inserted 

into the f ront a nd lateral a spects 

of the vocal process of the 

arytenoid cartilage. Someofthe 

innermost fibres are described 

by some anatomists as arising 

from the vocal ligament and 

passing backwards to the vocal 

process. 

The mu sculus _ thyro-aryU- 

noideus lies laterally to the^vocal 

muscle, and is often termed 

the lateral thyro - arytenoid. 

Its fibres arise from the 

thyroid cartilage, close to Jhe 

origin of the internal ^portion, 

and from the crico - thyroid 

membrane; from here, they in 

part pass backwards to be 

inserted into the lateral border 

and muscular pioceas of the 

arytenoid cartilage. The muit- 

culw vetUricalaris consists of 

scattered bimdiia of oblique 

fibres, which arise from the 

thyroid cartilage above the 

muscles just described, and 

pass upwards and backwards 

into the plica ventricularis. 

Aotlon. — The bundles of the 
thy ro-M ytenoid musole, difForuig as 
tbe7 do in dinotion and In poiiita 
of attaohment, must difiei also in 
theiraction, if separately called into 
plaj. The antero-poetetior BbreB 
wilt tend to draw forwards the 
aryteDoid, and with it the posterior 
part of the cricoid o&rtilage. rotating 
th« lattor npwardB, and antogoniBing 
tbe action of the crico-thjroid, the 
effect being to relax the vocal liga- 
ment. Bnt if the latter be^ kept 
■tretcbed and approximated bj the 
action of other muscles, those fibres 
of the inner porQoa which are in 
oloae contact with the vocal ligament 
may serve to modify i t« elaat icity and 
ooDBJatence . while'tho fibres which 

oonstitate the portio ary-Tooalis may serve, as Ludwig has pointed ont, to tighten the parts 
-# *!,- » ;„ I — , „« .u„.. .....i._._. —J .^ alaciieD the parts behind. The vertical fibres 



Fm. Ifil.— A OOHOWAL s^cnow of f^bt of thb lahvkx 
H^nified eight diuneten. {W. L. H. Duckworth.) 
C.T., thTTOid curtilage i C.CR. cricoid cartilage ; M.v.. 
muKitlag vooaliai U.t.a., mnsculoi thyio-arrtenoideu* i 
U.O.A.L.. mnsculiu crioo-aiTteaoideas lateralia i M.C.T.. 
mutmilna crica-thyroideiu ; U.. muscnlar 6bm in plica 
ventricularis ; 1X3. VS,, ligameDtam veubiaiilare ; Cii., 
oonuj elaaticqi ; GL., glauda in plioa renbieularifl. Tiie area 
of tiie mocDDs memlvane between the two arrowi above 
and below tba glettia ia sorered with ttratiSed aqnamaaa 
epitbeliam. 



of the oord in front of their attachment, and b 
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of the muscle which extend from the sloping part of the crioo-thyroid membrane across the 
base of the vocal fold, and over the ventricle into the plica ventricularis, must, when they contract, 
render th e free edge more prominent. Finally, the fibres which are inserted into the muscular 
process 'and outer surface of the ar3rtenoid will tend to draw forwards and rota te inwards the 
arytenoid cartilage, and those which pass u£ into the aryepig^lottic folds may assist in depress- 
ing the epiglottis. 

If the thyro-a ryteno id muscles are paralysed^ the lips of thej^ottis are nq^lpnger parallel, 
but are curved with the concavity towards one another, and a much strong er i?l ast of air is 
required lor the production of the^ voice. 

Santorini described three thyro-arytenoid jnuscles : an inferior , a middle^ and a superior. 
The latter is not always present. The inferior thyro-ar3rtenoid muscle of Santorini comprises 
most of the antero- posterior bundles ; the middle thyrct-arytenoid, the oblique bundles of the 
external portion. The fibres of the superior fasciculus, when present, arise nearest to the 
notch of the thyroid cartilage, and are attached to the upper part of the base of the arytenoid 
cartilage (fig. 150, th.arm,). This is named by Soemmering the small thyro-arytenoid, whilst the 
two other portions of the muscle constitute the great thyro-arytenoid of that author. 

Arsrtenoideiis miisole. — When the mucous membrane is remove d from the 
back of the arytenoid cartilages, a thick band of transverse fibres isjaid bare 
(fig. 1487^2), and_on the dorsal surface of this are seen two slender decussating 
obliqiie bundles (3, 4). 

The tran sverse and oblique fibres are often described as separate muscles 
(arytenoid and aryepiglotlic), but the two sets ql fibres are intimately blended. 
Most of the^antenor of" ventral fibres pass straight across between the arytenoid 
cartilages, and are attached to about the outer half of the concave surface on the 
back of each. The do rsal fib res can be traced into the kteral walls of the larynx, 
the uppermost fibres to the cartilages of Santorini, the intennediate fibres run 
partly independently and partly with the uppermost fibres of the thyro-arytenoidei 
into the inner and outer wallsj>ithe appendice3 of the larynx, forming the so-called 
aryepiglottic muscles, and the lowest fibres blend at the level of the vocal folds 
witFihe thyro-arytenoid and lateral crico-arytenoid muscles. 

Aotloii.^ — ^The ar yten oid muscle draws the arytenoid cartilages together, and, from the 
structure of the crico-arytenoid joints, this approximation, when complete, is necessarily 
accompanied by depression. If the muscle is paralyse^ the intercartilaginous part of the 
glottis remains patent, although the membranous lips can stUl be approximated. 

The superior aperture of thejarynx has been generally supposed to be closed during the act of 
deglutition by the descent of the upper free end of the epiglottis as a lid over the opening. From 
observations made by Stuart and McCormack (' The Position of the Epiglottis in Swallowing,' 
Jour, AncU. and Phys,, vol. xxvi.), it has been shown that this is not the case : the epigl ottJB 
projecting upwards in close contact with the base of the tongue. According to Stuart (' On 
the Mechanism of the Closure of the Larynx,' Proc. Roy. Soc. London, 1892), it is effected by 
the two aiytenoid cartila^s being drawn together and also forwards, so that their upper 
ends are brought in contact with the posterior surface of the epiglottis. These movements of 
the arytenoid cartilages^are produced by the contraction of the arytenoid and thyro-arytenoid 
muscles. 

It is remarked by Henle that the muscles * which lie in the space enclosed by the lamine 
of the thyroid cartilage, and above the cricoid, may be regarded in their totality as a kind of 
sphincter, such as is found in its simplest form embracing the entrance of the larynx in reptiles.' 
In the human lar3rnx, there is a marked predominance of adductor over abductor fibres (acting 
upon the vocal folds). 

CAVUM LARYNOIS. 

Cavnm laryngis. — The cavity of the larynx is divided into an upper and a 
lower compartment by the apert ure of the glottis or nvna gloUidiSf consisting of 
an anterior pars intermembranacea and a posterior^afg irUercartUaginea, The 
lateral margins of the pars intermembranacea are formed by the plic» vocales, and 
thte pars intercartUaginea by the vocal processes and by the inner aspects of the 



bases oi the ftrytenoid cartilages (see fig. 157). The upper compartment consists 
of the vestibule, which extends fiom the aditiu to the rima vestibuh, or 
apertuie between the plica ventricularis, and, below this rima, of a cavity which 
extends on each side into a lateral receas or ve ntriculut larynqu, bounded above 
by the plica ventricularis and below by the plica vocalis. From the ventricle, 
a blind pouch extends upwards, lateral to the plica ventricularis, called the 



Fni. 1S2.— UiDUN 9 



HiLTD. (3»ppa;.) (AUeoThoDUOiL) 



1. TeDtricIs; i. plua Teatriouluu. and 3. 1, upper diviaian of tbs Uiyngesl aiitj; S, 

plica Tocalii ; 4, uTtsaoid oartUage oovend with OBatral portion ; 3. lowsr diTiaion, oontliiued into 

musoiia DHDibraiw 1 B, aiytenoid muaole cut 4. trachea 1 i, the free part of the epiglottis ; e*. ■(■ 

aetou i 6, atope of cHco-iiifioid membrane lead. coihiou ; k, great coma of the hyoid bone ; ht, 

ing up to ligameatmn TOeaLe ; 7, ft. sectiona of thjro-hyoid membrane ; I, thyroid cartilage i c, 

cricmdi 9, ita appar border ; S'. ila lower border; cricoid oaitilage; r, flrat ring of the trubea; 

10. BBotioo of thjnnid ; 11. upper part of larynx ; la, thyn^arylenaid muacle ; ef, inferior th3rro- 

12, 13, glandular prominence in aryepiglottic arytenoid l^ament in the plica vocali* ; j, the 

fold; 14, 16, epigtottia; IS, fat between it and Tentricle; abora thia. the plica ventricalaiii ; 

the thyro-hyoid membnoe; 17, leclion of epi- a', the appendix Tentriculi opened on the right 

glottu ; 18, lectioo of byoid booe ; 19, 20, trachea. aide by cwrying the leMion farther fcnrard. 

ap pendix ventricuU laryn gis. The lower compartment passes inferiorly into the 
cavity of the trachea without any constriction between them. The whole of the 
larynx is lined with mucous membrane. 

The a dltius lary nyto, or superior aperture of the larynx, when open, is 
triangular, wide in front and narrow behind, the lateral margins sloping obliquely 
downwards and backwards. It is bounded in front by the free uppei_baider of 
the epiglottis (fig. 154, A, e, and fig. 155, a); behind, bythesummits of the arytenoid 
cartilages (fig. 154, B, a) and comiculatee (s), with the angular border of mucous 
membrane crossing the median space between them, and on the sides by two folds 
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of mucous membrane, the a ryepigloUic fo lds, which, eaclosing a f ew ligame utous 
and mu acular fibre s, and, the cuneiform caitilagea (fig, 154, B, w), pass forwatda 
from the tips of the arytenoid cartilages and comiculat^ to the lateral margins of 
the epiglottis (fig. 155, 8, 9, 10). 




Flo IM. — Thbii LiBmooMiopic Tiiws or THE anriBioB 



(CzeiDisk.) Pio, 165. — Peksckditvb view c 

A. tha clottls darioc the emieuoa oi a hiirh oole in ftYaOEAL opurcva ISTO 

„* . ^* ■ 1 - 1. , .. I - ^ ' ..I BTn\u tnf,vm .Kn talElirt 

UDgiag. £, ID eaiy « quiet iDhalatiim of ur. (7, la the 
■tato of widest possible dUaUtioii, u in tnhnling a nny 

deep bnstb. The diagnms jl', f. 0', have been added to The lupeticr apeitnn haa been mnoh 

CzHmak'B figures to ahcnr, in horizontal aeotiooa ol the dilated ; the glottia ia in a moderatol; dilated 

glottis, the position of the Tooal ligameata and arytenoid condition ; the wall of the ^haxynx ia opened 

oartilagea in the three aeveral italn repmented in the from behind and turned to the sidBB. 1. bodj 

other figures. In all the Sgnna, so far «■ marked, the of the h^oid bone ; 2, small oomua ; 3, great 

letten indicate the parte as follows, viz. x t, the base of comna ; 4, eoruoa of the thyroid iTartilage ; 

the tongue; e, (he npper free part of the epiglottis; fi, membrane of the pharpu covering Uw 

■', the tubercle or onshion of the epiglottiii ; p h, part poat«rior surface of the crlooid oartiloge ; t, 

of the BDterior wall of the phsryni behind the Uryni ; fiullet ; 7, trachea ; 8, [vojeotian caoaed by 

in the margin of the aryepiglottie fold, ur, the swelling the cartilage of Santoiini ; 9, the aame 

ol the membrane caused by tbs cuneiform cartilage ; (, belonging to the cartilage at Wriaberg ; 10, 

that of the comiouluin ; a, tlw tip of tlie arytenoid cnrti- aiyepiglottia fold ; 11, cot margin of the 

lagea ; t D, the pUcee Tooalea j c r >, the plicae ventricularea ; wall of the pharynx ; a, free part of the epi- 

between them the veulriab of the larynx ; in C, ( r is glottis ; a'. Ha lower pointed part ; a'', the 

placed on the anterior wall of the receding bachea, and cushion ; b, eminence on each side orer the 

b indiaatea the commencement of the two bronchi beyond appendix of the larynx ; b', the* ventiiclsfl ; c, 

the bifurcation, which may be brought into view in this the rims glatttdis ; the lines on each aide 

state of eitreme dilatation. point to the plicie Tooales. 

When the superior aperture is closed during the act of deglutition, it presents, 
according to Anderson Stuart and McCormack,* a T-shaped fissure. The transverse 
limb of the T is shghtly curved, with the convexity forwards, and is bounded in 
front by the epiglottis, and behind by the aryepiglottie folds. The vertical limb 

1 ' The Position of the Epiglottis hi Swallowing,' Jimr. Anal, oiirf PAyj.. vol. xiri,, 1892. 
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of the T is represented by a median fissure, extending from the epiglottis in front 
to the inter-arytenoid fold behind, and bounded at the sides by the arytenoid 
cartilages. 

Vest lbnlnm l aryngis. — ^The anterior wall of the vestibule is formed by 
the epiglottis, and, in conformity with the shape of this cartilage, it is triangular with 
the apex below ; a groove on each side indicates the position of the lateral margin 
of the cartilage. The lateral walls extend from the plicse aryepiglotticse to 
the plicae ventriculares, and contain the appendices of the ventricles. In the 
low posterior wall are the upper parts of the arytenoid cartilages and the 
inter-arytenoid fold. 

The plioflB ▼entrlculares — also called the false vocal cords, because they are 
not immediately concerned in the production of the voice — ar e rounded folds o f 
muc ous membrane extending, o ne on each side of the rima vestibuli, from the 
th yroid to the arytenoid cartilage s , and containing som e elastic tissue (ligamenta 
ventricularia), mucous glands, and muscula r fibres. They form somewhat arched 
projections immediately above the corresponding ventricle. The latter is seen 
on looking down into the laryngeal cavity, the plicsB ventriculares being farther 
apart than the plicae vocales. 

Wylie showed {Edin, Med, Journal, 1866) that when the plicse TentriculareB are simply 
approximated, and air is injected into the larynx from below, they prevent the exit of the air, 
and he held that the closure of the glottis in defsecation and vomiting is mainly effected by 
their apposition. His experiments have been confirmed by Brunton and Cash. 

The iTlo^tls is the tongue-like projection towards the cavity of the larynx, 
which is specially concerned in the production of voice. On coronal section (fig. 151), 
it is seen to form a triangular mass, with a free upper siirface forming the floor 
of the ventricle, a free sloping median surface looking inwards and downwards, 
and a lateral, nearly vertical, attached boundary. The mucous membrane covering 
the angle between the upper and the inner surface is the plica vocalis, the elastic 
ligament immediately adjacent, the ligamentum ffocale, and the muscular fibres 
just external to the ligament, the musculus vocalis. The mucous membrane 
covering the ligamentum vocale is so thin and closely adherent as to show the 
yellowish colour of the ligament through it. Near its anterior extremity, the plica 
shows a slight swelling— due to the n odule of elastic tiss ue, described by Luschka 
— and another prominence marks the position of the apex of the processus vocalis. 

Taguchi ^ gave the following data for the determination of the position of the 
plicse vocales and plicse ventriculares in relation to the anterior aspect of the thyroid 
cartilage. The plicse vo calis are attached to the thyroid cartilag e, close to one 
a nothe r : in the male 8*5 mm., and in the female 6-5 mm., below the Dottom 
of the median notch on the upper border of the t hyroid cartilage. The plicse 
ventriculares are 4 mm. apart at their anterior attachment, and 2*5 mm. 
higher than the plicse vocales (see fig. 158). 

The rfana gl ottl dto, an elongated aperture, situated anteriorly, between the 
plicse vocales (pars intermembranacea), and posteriorly, between the bases of the 
arytenoid cartilages (pars intercartilaginea), varies in its size and shape according 
to the position of its lateral boundaries. In phonation, the part between the vocal 
folds is a long narrow slit, while that bounded by the arytenoid cartilages forms 
a small triangular aperture (fig. 154, A'). When moderately open, as in easy respira- 
tion, its shape is that of a long triangle, the pointed extremity being directed 
forwards, and the base being behind, between the arytenoid cartilages (fig. 154, B^) ; 
in its fully dilated condition, as in deep inspiration, it is lozenge-shaped (the posterior 

1 * Beitrige znr topographiaohen Anatomie des Keblkopfes,' Arch, /. AfuU,, 1889. 
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udes being (ormed by the innet sidea of the bases of the aiTtenoid cartilages), 
while the posterior angle is truncated (c'). The rima glottidis is the nar rowest 
part of the interior of the larynx ; in the adult male it meaaures about 23 mm., 
or nearly an inch, in an antero -posterior direction, and 6 mm. or 8 mm. across at 
its widest part, which may be dilated to nearly 12 mm. In the female, and 
in males before the age of puberty, its dimensions are less : its antero-posterioi 
diameter being about 17 mm. and its transverse diameter about 4 mm. The 
vocal folds are about 15 mm. long in the adult male and 11 mm. in the female. 



Fni. 166.— HoBizoKTAi, atcaos or lai libihi, rHABrm, «to., o» *» *iicli xite. N«tu[»i lize. 
(J. Symington.) 
The Um;i u dinied netr the upper part oi ths laDiiOB ol the thytoid oartilage and oppoaite the plica 
Tcntiiiiiluea. 

V antrlcnli l ^^ngto.— The ventricles of the larynx are lateral recesses, one 
on each side, extending outwards between the ventricular and vocal folds. Each 
ventricle is of a somewhat oval form with the long axis horizontal ; it begins just 
behind the isthmus of the thyroid cartilage and reaches backwards to the front 
of the arytenoid cartilage. The lateral wall of the ventricle is separated from the 
lamina of the thyroid cartilage by some fibres of the thyro-arytenoideus muscle. 

The appendices of the ventricles (figs. 153 and 166) lead from the anterior 
part of the ventricles upwards, for the space of half an inch, between the 
ventricular folds and the thyroid cartilage, reaching as high as the upper border 
of that cartilage, and nearly to the level of the aryepiglottic folds. The pouch, 
which is of variable size, ia conical in shape, and curved slightly backwards. Its 
opening into the ventricle is narrow, and is generally marked by two folds of 
the lining mucous membrane. Numerous small mucous glands, sixty or seventy 
in number, open into its interior, and it is surrounded by a quantity of fat, and 
by a fibrous investment, which is continuous with the ventricular ligament. 

The upper fibres of the thyro -arytenoid muscles pass over the outer ade of the 
pouch, a few being attached to its lower part. The appendix is supplied abundantly 
with nerves, derived from the superior laryngeal. 

The appendix of the vGntricIo may extend beyond the upper border of the lamina of the 
thyraidoartilage, tumoutwards through the thyro-hyoid membrane, and appear on the laterd 
aspect of the laiynx. Such cases are comparatively rate. The first definite record ot this 
abnormality appean to have been made by Bennet (' Malformation of the Laryni,' Quar. 



Jow. Mtdkal Sdenet, 1866). Subaeqnentl]', OrnbeT (JnA. /. Anai., 1874 ; and BtobacA- 
tungen out d. mentch. u. veriftetcA. Anatomic, 1679) reported wvemi caaea. SclaTuoM (' Uebet 
die Ventrioiilara&cke dea Kehlkopfes beim erwftchBenen and aengeboreQen Menschen sawie bei 



FlO. IST. — HOBIZOKTAL SICTION Or THI LUIWI. PKAKYaX, ETC.. OT AS ADDLT KALI. Nstlinl IlIO. 

(J. Sjmingtco.) 
bnrer put of the luuina of the thynld cutiUge ind oppoeita the 

einigen Afien,' Attat, Ameiger, Bd. zzjv.; 1904} has collected reports of ten cues, to which be 

hu added three obaerved b^ himseU. Sach extra-Uryngeal eitenBions ol the ventricular ap- 

pendioes are normal in many apes, and may attain a very large size, extending domi the neck 

over the clavicle and between the two heada of the 

great pectoral mtiscle into the axilla. This great air- 

sac may be connected with one appendix only, although 

it extendi down both sidei of the median plane. The 

blind end of the appendix sometime! pasaea opwarda. 

lateral to the aryepiglottic fold, and behind the body 

of the byoid bone, so as to lie close to the floor of the 

gloaso-epiglottic foaaa. 

The pwt of the laryngeal cavity below the 
ri ma glottidis i s markedly compresae d from 
gj de to sid e a tits upper end, owing to the promi ■ 
nence of the glotti s fBut it gradually expands, 
and, (^posite_^e ring o£ the cricoTJ, is nearly 
circulaj. It terminates opposite' the lower 
border of the cricoid cartilage by becoming 
continuous with the Inmen of the trachea. 

A. Oerlack ' made a aorica of experiments on the 
cadaver to asoertain the influence o[ the contraction 
of the intrinsic muscles of the larynx upon the size 
of ths laryngeal oavity. He found that the gicatest 
diminution of the cavity was produced by a simul- 
taneous contraction of the crico-thyroida, the lateral 
crioo-arjrteiioids. and arytenoid muscles; and the greatest increase by the contraction ol 
the two poateriot crico. arytenoids. Contractitm of the ciico-tbyroids and the lateral crico- 
arytenoids effected the greatest narrowing of the rima glottidis, and the rima was most fully 
opened by the action of the posterior cricoarytenoids and the arytenoid muaclea. 

' * Znr Anatoniie des Cavum laiynttis des HeiucbeD,' AnatOMudit Bt/U, Belt xM., 1900, 
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THE MUCOUS MEMBRANE, VESSELS, AND IlEKVES OF THE LARYNX. 

The iaTTQgeal mnaona tnembraiie is thin and of a pale colour. In 6ome 
situations it adheres intimately to the subjacent parts — especially on the epiglottis, 
and still more in passing over the vocal folds, on which it is very thin and most 
closely adherent. About the upper part of the larynx, above the glottis, it is 
extremely sensitive. In and near the aiyepiglottic folds, it covers a quantity 
of loose areolar tissue, which is liable in 
disease to infiltration, constituting oedema of 
the glottis. Like the mucous membrane in 
the rest of the air-passages, that of the larynx 
is covered in the greater part of its extent 
with a columnar ciliated epithelium, by the 
vib ratory actio n of which, the mucus is urged 
u pwa rds ; but ov er the vocarfo l58~it is pro- 
vided w ith s tratified "squamo us epithelium. 
In the submucous tissue there are numerous 
glands which secrete an abundant mucus, 
and the orifices of which may be seen almost 
everywhere, excepting upon and near the 
plicte vocales. They abound particularly 
upon the epiglottis — in the substance of 
which are found upwards of fifty small 
compound glands, some of them perforating 
the cartilage. Between the anterior surface 
of the epiglottis, the hyoid bone, and the 
root of the tongue is a mass of yellowish fat, 
erroneously named the epiglottic gland, in or 

Fio. ifis. FosTiaioB nxw oi tub hebves upon which some small glands may exist. 

OF TBI uBTNi. (S«pp8j,) Another collection of glands is placed within 

i,»uperioriKyngBiaB8™;2 itaeiton..! jj^g f^]^ ^f mucouB membrane in front of 

hrajiDhi 3. 4, 6, bnuioh« to ths muooiu 

membiuie of the luyni; s, filaments each arytenoid cartilage, from wnicn a series 
oniting the loft aoperior nod infarioc jattv be traced forwards, along the corre- 

kiyngMl nerTM ; T, thft ume on the nght ' ,. . ■ i i i j ifl i a t 

nde, cut; 8. 8. inferior luynpial nar™; Spondmg veutncular fold. The glands of 

9, bi»nob to the poMcrior orico-Myionoid the iarvneeal pouches have already been 

nnncle*! 10. bninoh to ths uytenoid; 11, »■ j 

12, bruichei punog to tbe lateral erico- nOuCea. 
srTtenoid ami the th;io-Br;l«aoid miuclea. BlOOd - TOSflelKi lympIlBtlak, and 

nerves of tbe larynx. — The arteries 

of the larynx are derived from the superior thyro id (a branch of the external 
carotid), and from the i nferior thyr oid {a branch of the subclavian). The 
▼elns join the aup m'or. middle, aaAivferi or thyroid veins. 

The Irmptaatlo* of the larynx are divisible Into an upper and a loner set : the 
line of separation between the two being the phcfe vocalea, in which the lymphatic 
network is very feebly developed. The upper set is very abundant in the ventricular 
folds, the walls of the ventricles and their appendices, and the posterior surface 
of the epiglottis. Three to six afferent vessels on each side pierce the corresponding 
thyro-hyoid membrane in close relation to the superior thyroid vessels, and pass 
to deep cervical glands situated near the bifurcation of the common carotid artery. 
A few small afierent vessels from the lower set of lymphatics pierce the crico-thvroid 
membrane, and end in one or two small glands often found in front of that 
membrane, or pass to some pre-tracheal glands ; but the larger afferent vessels 
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issue from the laiynx below the cricoid cartilage, and end in glands on the aide 
of the tiachea. 

The narred are the Bup erior and inferior largyneal branche s of the vagi, joined 
by filaments of the Bymp athetic. The inte rnal branch of the superior laiygneal is 
the mucoua^embrane, gndconjiaina alao t he vaso-m otor an d secr etory 




Oae-third lutural size. 
(Altea TbomwHL) 
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ttajToid carttUge j c, middle of tbe cricoid 
cutiUge ; ' r, the trachea, ahowicg Bixtoen carti- 
laginooi ringa ; b, tbe right, sad b', the It ft 
bronahua In thii, and aUo in tho Haccaediag 
figure, the right broDchua ia Tepreaeat«d as some- 
what more horizontal than ii uaoally described. 
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SKEH FKOM BIHIKD. One-half natural liie. 
(Allen Thomson.) 
h, great comu of the hyoid bone ; 1. lupeiifff, 
and (, inferior comu of the thyroid eaitUage ; t, 
the epiglottis ; a. pointa to the back of both the 
arytenoid eartilagca, which are surmounted by 
the ooraKola ; t, the uiiddle rid^ on tbe baok of 
tbe cricoid cartilage j < r. the poaterior mem- 
br&noiia p«rt of the trachea ; bt b\ right and hdt 
broochi. 



fibres, while the ex ternal branch supplies the crico-thjroid muscle. The inferior 
l arynge al nerve supphes all the jntrinaic muscles of the larynx, except th_e crico- 
thyroid, BO that it is the mo tor nerve toUoth the adductorand abductor muscles 
of tbe v ocal cord. In progressive organic lesions of this nertfe, the fibres going 
to the a bductor muscle s are first involved. The cause of this greater vulnerability 
of the abductors is not known. 
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THE TRACHEA AND TWO MAIN BRONCHI. 

The traobea is that part of the commoa aii-passage of both lungs which 
commences above at the larynx, and dividcB below into two smallet tubes, right and 
left bronchi, one foi each lung (figs. 160 to 163). 

PoBitloD. — The trachea has a median position in the neck and thorax, and 
extends from the lower border of the 
cricoid cartilage of the larynx, on a level 
with the lower part of the sixth, or upper 
part of the seventh, cervical vert«bra, 
into the upper part of the thorax, where 
it IB crossed in front and on the left side 
by the arch of the aorta, and then 
bifurcates into the two bronchi at about 
the level of the disk between the fourth 
and fifth thoracic vertebrte. As the 
trachea passes obUquely downwards and 
Fro. lei.— HoBnomu. hbctioh ar tuchu. somewhat backwards, It gradually recedes 

asorajo^ *i.r THYBon. body. N»toJ f^^^^ tj,^ anterior surface of the neck 
in its course towards the thorax. At 

1, cBSODlugua; S, cavity of tnchea ; 3, cuti- . ., ,., . 

Uginoiu ring of tmciiBa; i. thyroid body; its Commencement It can readily be 

0, infarior thjroid uiery; 8, inferior larynge*! fglfc through the Slon, WhUe at itS 

termination it lies, on an average, about 
3 cm. to 4 cm. posterior to the front of the sternum. 

Size. — It usually measures, in the erect poMtion of the head, from 9 cm. to 
11 cm. in length ; but its length may be increased 2 cm, to 3 cm. by over-extension 
of the neck and decreased by flexion. 

It is usually stated, on the authority of Aeby, that the trachea gradually increases 
in calibre from above downwards ; but according to Braune and Stahel.i it presents 
a series of alternate dilatations and contractions. Thus it is smallest at its com- 
mencement ; from this point it gradually increases, until about midway between 
its two ends ; from here it diminishes to within about 3 cm. of its bifurcation, towards 
which it again enlarges. Its average diameter is about 13 mm. In the male and 
15 mm. in the female. In front and at the sides, the trachea is rendered cylindrical, 
firm, and resistant, by a series of cartilaginous rings ; these, however, are deficient 
behind, so that the posterior portion is flattened and entirely membranous (fig. 162). 
Near its bifurcation, the trachea is somewhat expanded laterally. 

KelaUona of tbe traobea to neUrbbonrlnr parta.— The windpipe is 
nearly everywhere invested by a loose areolar tissue, abounding in elastic fibres, 
and is very movable on the surrounding parts. Both in the neck and thorax, 
it rests behind against the gullet, which intervenes between it and the vertebral 
column ; but towards its lower part it projects somewhat to the left side. The 
inferior laryngeal nerve ascends to the larynx on each side in the ai^le between 
these two tubes. 

In the neck, the trachea ia situated between the common carotid arteries ; at 
its upper end it is embraced by the lateral lobes of the thyroid body, the middle 
part or isthmus of which hes across it just below the larynx. It is covered in front 
by the stemo-thyroid and stemo-hyoid muscles, between which, however, there 
is left an elongated lozenge-shaped interval in the middle line : this interval is 
covered in by a strong process of the deep cervical fascia, while, more superficially, 
another layer, not so strong, crosses between the sterno-mastoid muscles. The 

> 'Uebordu VnrhaltoiHdsrLaageniadeDBroDahen.' Arch.f. Anet., IS8S. 
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iuieiioF thyioid veins and the arleria thyroidea ima, when that yessel exists, also 
lie apon its anterior surface below the iBthmus of the thyroid body ; while juat 
above the level of the upper edge of the steroum the Innominate artery is 
occaHioually found crossing obliquely in front of it. 

In the thorax, the trachea is covered by the manubrium stemi, together with 
.the stemo-thyroid and stemo-hyoid muscles and the remains of the thymus gland ; 
behind these, by the left innominate vein, then by the commencement of the 
innominate artery and left carotid, which pass round to its sides ; and lastly, by 
the arch of the aorta and the deep cai^ac plexus of nerves. Placed between the 
two pieune, the trachea is contained in the superior mediastinum, and has near 
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Fi»iB THOttiCiO TiBtiBSx, Tiiwio iBoH ABOVt K»lur«J Bizs. (J. Symington.) 

its right dde the right lung, separated, however, by the pleura and the vagus neive. 
On the left side, the arch of the aorta, the left common carotid and subclavian 
arteries, and the left inferior laryngeal nerve, together with some cardiac nerves, 
intervene between it and the left lung and pleura. The pulsations of the aorta 
are transmitted to the lower part of the left wall of the trachea, and can be 
seen in the living body with the bronchoscope (Eichen, Brit. Med. Jour., 
November 19, X910}. 

Tberivltt and left bronolil (figs. 160 and 161, &, 6') proceed each to the root 
«f the corresponding lung, and then undergo division. Previoua to this, they exactly 
resemble the trachea on a smaller scale, being rounded and firm in front and at 
the sides, where they are provided with imperfect cartilaginous rings, and flattened 
and membranous behind. The right bronchus is larger than the left ; the area of 
a section at right angles to the long axis of the right bronchus being in the proportion 
of 100 to 78 for a corresponding section of the left brouchua. It is also more nearly 
vertical, ho that on looking down the windpipe towards the bifurcation, the right 
bronchus appears to be a more direct continuation of the trachea than the left. 
This LB, however, by no means constantly the case. Further, it differs from the 
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left in giving o£E on its outer side, about 15 mm. to 25 mm. from its origin, a branch 
which passes to the upper lobe of the right lung. As this branch comes o£E above 
the place where the right pulmonary artery crosses the bronchus, it is called 
eparterial; the continuation of the bronchus below this branch being called 
hyparterial. On the left side, there is no eparterial branch, and the bronchus passes 
downwards and outwards for about 5 cm. before giving o£E any branches. 

The right hronchus is embraced above by the vena azygos, which hooks 
forwards over it to end in the vena cava superior. The right vagus descends behind 
it. At the root of the lung, the eparterial branch is above the pulmonary artery, 
the hyparterial part is crossed close to its origin by the pulmonary artery, and, lower 
down, the superior pulmonary vein gets in front of it. The left hronchus inclines 
downwards and outwards, beneath the arch of the aorta, to reach the root of the 
left lung, where the left pulmonary artery lies first in front of and then above it. 
It crosses over the front of the oesophagus and the descending aorta. Close to the 
hilum of the hmg, the upper left pulmonary vein is in front of it. 

The combined sectional area of the two bronchi is about one-fifth greater than 
that of the trachea. 

The distribution of the branches of the bronchi within the lungs will be described 
in connexion with those organs. 

When the lower part of the cavity of the traohea is viewed from above, the two bronchi are 
seen to be separated posteriorly by a prominent sagittal ridge (carina trachecB), which broadens 
anteriorly into a flat triangular area (see fig. 163). Heller and Schrotter ^ foimd the carina, in 
57 per cent, of the oases they investigated, to the left of the median plane ; in 42 per cent., in the 
median plane ; and in the remaining 3 per cent., to the right of the median plane. 



STRUCTURE OF THE TRACHEA AND MAIN BRONCHI. 

Trachea. — The trachea consists of an elastic framework of incomplete 
cartilaginous rings or hoops united by fibrous tissue, and at one part by plain 
muscidar tissue. It is lined throughout by a mucous membrane, and provided 
with glands. 

The oartilaireB are from sixteen to twenty in number. Each forms a curve of 
rather more than two-thirds of a circle, resembling the letter C (fig. 162). The 
depth from above downwards is three or four millimetres, and the thickness 1 mm. 
The outer surface of each is flat, but the inner is convex from above downwards, so 
giving greater thickness in the middle than at the upper and lower edges. The 
cartilages are held together by strong fibrous tissue, which is elastic and yielding 
to a certain extent, and not only occupies the intervals between them, but is 
prolonged over their outer and inner surfaces, so that they are, as it were, embedded 
in the tissue. 

The cartilages terminate abruptly behind by rounded ends, but the fibrous 
tissue is continued across between them, and completes the tube behind : it is 
here looser in its texture. 

The first or highest cartilage, which is connected by the fibrous membrane 
with the cricoid cartilage of the larynx, is broader than the rest, and often divided 
at one end. Sometimes it coalesces to a greater or less extent with the cricoid 
or with the one below. The lowest cartilage, placed at the bifurcation of the 
trachea, is peculiar in shape ; its lower border being prolonged downwards, and 
at the same time bent backwards, so as to form a curved projection between the 
two bronchi. The cartilage next above this is slightly widened in the middle 
line. Sometimes, the extremities of two adjacent cartilages are united, and not 

1 ' Die Carina Trachea?,' ZeU, /. kUn. Med., Bd. xxxii, 1893. 
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iufrequeutly a cartilage is divided at one eod into two short blanches, the 
opposite end of that next to it being likewise bifurcated so as to maintain the 
parellelisni of the entire aeries. The use of these cartilaginous hoops is to 
keep the windpipe open — a condition essential for the free passage of air into 
the lungs. 

Within the fibrous membrane, at the posterior flattened part of the trachea, ia a 
continuous pale reddish layer of unslriped mtucular fibres, which pass across not 
only between the ends of the cartilages, but also opposite the intervals ; they 
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BQJOB. Modentelj' mBgniSad. (Klein and Noble SmitL) 
a, cili&ted epitlielium ; b, buement membnue ; c, nipeTGciBl part af tbe muoona membnoB, containiag 
the Hctioiia of uiimorooi capiJlAry btood.Tasaela uid much Ijmphoid tlBOue ; d, deeper pert ot the muoou» 
membruie. oooiiiting munly of elutic fibm ; e, ■nbrnacoue areolar tiuue, CDDteiiiing tbe Urger blood-FMselii 
■null muconi gUndi (their ducti end alvaoti are asen in ssction). fat. fto. ; /, fibnnu tiaane inveatiiig and 
mklting tbe cartila^ee ; y, a amall nuuB of adipoae tiaene iQ the fibrous lajer ; A. oartilage. 

doubtless serve to narrow the tube by approximating the ends of the cartilages. 
Those opposite the hoops are attached to the extremities of the latter, and encroach 
also for a short distance upon their inner surface. Outside the transverse fibrea 
are a few fasciculi, having a longitudinal direction. 

The submucous coat consists of loose areolar tissue, which serves to connect 
the mucona membrane with the fibrous layer and the cartilaginous rings. It 
contains mucous glands, and a quantity of adipose tissue is often found in it. 

The mnoons membrane is smooth and of a pale pinkish-white colour in' 
health ; although when congested or inflamed, it becomes intensely purple or 
crimson. It contains a considerable amount of lymphoid tissue and is lined by 
ciliated columnar epithelium. 

The trachea is provided with numerous small mucous glands. The latest are 
situated at the bach part of the tube, either close upon the outer surface of the 
£brous layer or occupying little recesses formed between its meshes. SmaUer 
glands are found between the cartilaginous rings, upon and within the fibrous- 
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membrane, and still smaller ones close beneath the mucous membrane. They are 
racemose glands, and their cavities are lined with a columnar epithelium : the 
excretory ducts pass through the muscular layer and the mucous membrane, 
on the surface of which their orifices are perceptible. 

Vessels and nerves. — The arteries of the trachea are principally derived 
from the inferior thyroid. The larger branches run for some distance longitudinally, 
and then join a superficial capillary plexus with polyhedral meshes. The veins 
enter the adjacent plexuses of the thyroid veins, A rich plexus of lymphatlos 
may readily be injected in the mucous membrane and submucous tissue, but the 
lymphoid follicles, so common in the alimentary mucous membrane, and also in 
the walls of the smaller bronchi, are rarely present. "When found, they generally 
surround the ducts of the glands as they pass through the mucous membrane. 
Numerous l3miphatic glands lie in front and at the sides of the trachea (pre-tracheal 
and para-tracheal), while a group of glands is found between the two bronchi and 
in front of the oesophagus and aorta. 

The nerves come from the trunks and inferior laryngeal branches of the vagi, 
and from the sympathetic system. There are said to be numerous ganglia upon 
them, especially outside the muscular layer at the back of the tube. 

In the dog, cat, sheep, and rabbit, the upper half of the trachea is said to be 
supplied chiefly by the superior laryngeal nerve, through the anastomosis between 
the superior and inferior nerves in the larynx (Kandarazi). 

BroncU. — The general structure of the undivided portions of the bronchi 
corresponds to that of the trachea in every particular. Their cartilaginous 
rings, which resemble those of the trachea in being imperfect behind, are, however, 
shorter and narrower. The number of these rings on the right side varies from six 
to eight, whilst on the left the number is from nine to twelve. 

The bronchi are supplied by the bronchial arteries and veins, and the nerves 
are from the same source as those of the lower part of the trachea. 

Peonllarltles aooordlnff to agre. — In the fetus the trachea is flattened before and behind, 
its anterior surface being even somewhat depressed ; the ends of the cartilages touch ; and the 
sides of the tube, which now contains only mucus, are applied to one another. The effect of 
respiration is at first to render the trachea open, but it still remains somewhat flattened in front, 
and only later on becomes convex. In consequence of the high position of the larynx in the infant, 
the cervical part of the trachea is relatively longer at this period of life than in the adult ; but this 
increase in length is somewhat diminished by a higher position of the manubriiun stemi. The 
poini of bifurcation of the trachea is generally about a vertebra higher at birth than in the 
adult. In an infant six months old, the trachea will admit a tube 4 mm. in diameter ; at two 
years, one of 5 mm. ; and at six years, one of 6 mm. or 7 mm. Ossification of its cartilaginous 
rings usually commences in the male at about forty years of age, and in the female at about 
sixty years (Chievitz). 

MEDIASTINUM THORACIS. 

The greater part of the thorax is occupied by the lungs, each of which is invested 
by a serous membrane — the pleura. The right and left pleural cavities are separated 
by a median partition called the mediastinum (septum mediastinale). This consists 
of a layer of pleura on each side, with the heart, great vessels, pericardium, and 
other structures interposed. The interval between the right and left pleurae, 
which is occupied by the structures referred to, is known as the mediastinal space. 
The whole mediastinum is subdivided into the following parts : the middle 
mediastinum — which is coextensive with the pericardium ; the anterior m£diastinum 
— the part in front of the pericardium ; the posterior mediastinum — ^the part 
behind the pericardium ; and the superior mediastinum — ^which is situated above 
these three subdivisions and extends upwards as far as the root of the neck. 
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The anp«rtoT medlatttlnnm may be considered to be bounded below by a 
plana passing from the lower border of the body of the fourth thoracic vert«bra 
behind to the junction of the manubrium with the body of the Btemum in front. 
Its upper limit corresponds to the superior aperture of the thorax. In front are 
the maaubrium and the lower ends of the stemo-hyoid and stemo-thyroid muscles ; 
and behind are the upper four thoracic vertebrae and the lower ends of the longus 
colli muBclea, 

It contains the trachea, cesophagus, and thoracic duct ; the whole of the arch of 
the aorta, the inaominate artery, and the thoracic parts of the left common carotid 
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and subclavian arteries ; the innominate veins and upper part of the superior 
vena cava ; the phrenic and vagi nerves, the left inferior laryngeal, and the cardiac 
nerves ; and the cardiac lymphatic glands and remains of the thymus gland. 

The anterior tnedlastlnniii is narrow in its upper half, the two pleuite 
coming nearly or quite into contact behind the second piece of the sternum. 
Below, it is a httle broader, the left pleura receding from its fellow, and is bounded 
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in front by the sternum, Bometimes also by the fifth and sixth, and a smali 
portion of the seventh, left costal cartilages, and by the triai^ularis stemi 
muscle ; behind it, is the pericaidium. The enclosed apace contains only some 
araolar tissue, and in its lower part two or three small lymphatic glaods 
(anterior mediastinal glands). 

The middle mediastinum is the enlarged central portion of the partition, 
containing, in addition to the peiicaidium with its contents — namely, the heart, 
the ascending arota, the trunk of the pulmonary artery, and the lower half of the 
superior vena cava — the phrenic nerves and accompanying vessels, the arch of the 
azygoa vein, and the roots of the lungs with the bronchial lymphatic glands. 

The posterior medlasUnnm is the part between the pericardium, the 
diaphragm, and the roots of the lungs in front, and the spine behind (from the lower 
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bolder of the fourth thoracic vertebra downwards). It contains between its 
pleural layers the descending aorta and its right intercostal branches, the 
<esophagus with t^e vagi nerves, the azygos veins, the thoracic dact, and the 
posterior mediastinal lymphatic glands. 

THE LUNGS AND PLEURA 
The lungs occupy by far the larger part of the cavity of the chest, and in health 
are always in accurate contact with the internal surface of its wall. Each lung 
is attached at a comparatively small part of its Battened inner or median surface 
by structures forming the root. In other directions the lung is tree, and its sor- 
face is closely covered by a serous membrane, which is reflected at the root to 
the corresponding side of the thorax, and named the (right or left) pleuTa.*^ 

THE PLECRJE. 

The plenrn are two serous sacs quite distinct from each other. Each consista of 
a visceral and a parietal portion, between which is the pleural cavity, containing a 
very small quantity of fluid, merely sufficient to lubricate the opposing surfaces. 
The visceral portion (pleura prdTiumalis) covers the lung and extends into the fissures 



between ita lobes ; the parietal portion lines the ribs and intercostal spaces 
(pleura cottalia), covers the upper convex Buiface of the diaphragm (pleura 
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diaphragmaiica), enters into the formation of the mediastinum {pleura mediastinalie), 
and extends upwards into the neck {pleura cervicalii or cupula pleurce). 
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At the root of each lung, the visceral and parietal portions of the corresponding 
pleuia are continuous with one another ; and at the lover border of the root is a 
fold of the serouB membrane, the two layers of which are continuous above with 
those in front of and behind the root of the lung. It extends veiticaUy along the 



inner surface of the lung down to the diaphragm, to vhich it is attached by its 
extremity ; this fold is named ligametUvm pulmonale. 

Along the mediaatinal aspect of each pleura, there descends a Ugomeatona band — an o&afaoot 
of the pre-Tectebral fMcia- — attached abore to the bodies of the cervical and 6rst thoracic vei'tebne, 
and below to the pericardium and central tendon of the diaphragm. These bands, tbe ' iQ>- 
penaory ligamenta of tbe diaphragm ' of Teutkben, embrace the roota of the lungs, and, ID a 
measnre, serre to fix both these and the other parte to which they are attached below. 

Solatlona. — The costal portion of the pleura lines the inner surface of the 
ribs and intercostal spaces, and posteriorly passes over the heads of the ribs and 
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the gangliated coid of the STmpathetic on to the sidea oi the bodies of the thoracic 
Tertebree, where it becomes continuous with the posterior part of the mediastinal 
pieuia, while in front it is reflected backwards to join the anterior part of 
the mediastinal pleura. This anterior line of reflexion varies at difierent levels. 



and also slightly on the two sides (fig. 177). Opposite the manubrium sterni, it may 
be represented by a line paswng from the ster no -clavicular articulation, downwards 
and inwards, to moet the pleura of the opposite side at the upper edge of the body 
of the sternum. From this point, the two pleuise are in close contact down to the 
level of the upper border of the fifth costal cartilage, where they tend to separate 
from one another. On the right side, the line of refiexion continues nearly straight, 
down to the lower end of the body of the sternum, where it begins to turn outwards. 
On the left side, according to Luschka,^ it normally diverges from the median line 

1 'Dis AuAtomls du Ueaschea.' Dit Brutl. (1863). ■. 368. 
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at the upper boidei of tlie fifth costal cartilage, bo that at the level of the atemal 
end of the fifth costal cartilt^ it is 1-5 cm., at the eixth 2 om., and at the seventh 
3'5 cm. external to the left border of the etenium. Not infrequently, however, 
the lateral deviation of the left pleura, opposite the lower end of the sternum, is not 
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so marked as described by Luschka. Thus Sick,' in seventeen out of twenty- 
three adults, found that the reflexion of the pleura at the level of the sternal end of 
the fifth costal cartilage was either behind the sternum or at its left edge. This 
was also the case in ten out of the twenty-three at the sixth cartilage, and in nine 
of them at the seventh costal cartilage. Brooks's ' observations also support this 
view. In four out of seven cases in which the pleura was quite healthy, he found 
the reflexion was entirely behind the sternum, while in one it was at the left edge 
of this bone. He also states that in all the cases the two pleure were close to one 

1 Skik, ' UatenDBh. Sber deo Veriaof der Plenimblatter sm Slsmnm,' iL«.w., Arck. t. AmI. >. PkgdeL. 
Anst. Abt., 1S8G. 

: Brooks, 8b John, ' Od the Belalioiu of the Pbon to the Sternum imd Cottsl Cvtilkge*,' Turn*, of tt< 
Jtojr. Aead. of Hid. in Inland, vol. TiL. ISSe. 
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another as far down as the ensiiorm cartilage, fio tliat the area of pericardium 
tmcovered by the pleura nas reduced to a mimmum. 

The lower border of the cofital pleura is reflected on to the diaphragm opposite 
a line passing from the lower end of the sternum, outwards, behind the seventh costal 



8 n 



cartilage nearly as far as its rib ; here it leaves the seventh cartilage, and, continuing 
to pass obliquely downwards and backwards, crosses the eighth, ninth, tenth, and 
eleventh ribs, and reaches the twelfth rib near its vertebral end. If the twelfth 
rib be very short, the whole of its anterior surface may be covered, and the pleura 
pass as low as the transverse process of the first lumbar vertebra (Pansch). When 
the rib is well developed, it is seldom in contact with the pleura external to its inner 
half. On the lateral wall of the chest, the pleura will generally be found rather 
lower on the left than on the right aide. Luschka estimates that in the mid-azillary 
line the pleura reaches to the lower border of the ninth rib on the right side, and 
to the lower border of the tenth on the left. The inferior limit of the pleura does 
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not extend to the attachment of the diaphragm, but leaves a portion of the circum- 
ference of this muscle in contact with the costal parietes. Owing to the height 
of the diaphragm on the right side (corresponding to the greater convexity of 
the liver), the right pleural sac is shorter than the left ; it is at the same time 
wider, as the pericardium does not pass so far to the right as to the left of the 
median plane. 

The upper part of the pleura, moulded upon the apex of the corresponding 
lung, rises dome-like into the root of the neck, forming the pleura cervicalis. It 
reaches from 3 cm. to 5 cm. above the anterior end of the first rib, and about 
1 cm. to 3 cm. above the clavicle, but not higher than the neck of the first 
rib. Anteriorly, the termination of the internal jugular and subclavian veins, and 
the commencement of the innominate vein, the internal mammary artery, and the 
phrenic and vagus nerves lie against it. Behind these structures, and arching 
outwards over the pleura just in front of its highest point, is the subclavian artery ; 
while, still farther back, the lower tnmk of the brachial plexus rests upon it, and 
the sympathetic cord descends behind it. On the right side, the inferior laryngeal 
nerve hooks round the subclavian artery, and so gets between this artery and the 
pleura ; while on the left side, the nerve ascends internal to it. The thoracic duct 
is situated on the inner side of the left pleura as it leaves the thorax. Several 
lymphatic glands lie in close relation to it. 

The cervical pleura is strengthened and supported by several muscles and ligaments. The 
tendons of insertion of the anterior and middle scalene muscles give small slips to it, and the 
scalenus minimus terminates below in a dome-like tendinous expansion, often called Sibson's 
fascia, which covers the pleura and is attached to the inner border of the first rib. Several 
bands, known as the suspensory, costo-pleural, and vertebro-pleural ligaments, connect it 
with adjacent structures (see J. S. Dickey, Ajyplied Anatomy of the Lungs and Pleural 
Membranes, 1911, p. 36). 

The mediastinal portions of the two pleural sacs constitute, as already described, 
the lateral boimdaries of the mediastinal space. The layers forming the sides of 
the anterior mediastinum pass backwards from the sternum to the pericardium 
in close relation with one another, except below, where a triangular interval is 
sometimes found between them. At the front of the pericardium, the two layers 
separate, each passing round its own side of the pericardium to the front of the 
root of the corresponding lung, where it is reflected on to the lung. The part 
of the mediastinal pleura covering the pericardium is often called pleura 
pericardiaca, and the remaining portions of the mediastinal pleurae the lamituB 
mediastinales. The phrenic nerve courses to the diaphragm between the pleura 
and the pericardium. The pleura, which goes from the side of the vertebral 
colunm to the back of the root of the lung, bounds the posterior mediastinum. 
On the right side, it lies in relation with the vena azygos, the right vagus, 
and the oesophagus ; on the left side, with the descending aorta, and low down, 
with the oesophagus. The two pleurse are here united by an inter-pleural ligament 
passing behind the oesophagus and in front of the aorta. At the level of the superior 
mediastinum, the mediastinal pleura passes backwards from the anterior to the 
posterior chest wall without being reflected over the lungs. On the right side, it 
covers the right innominate vein and superior vena cava, the innominate artery, 
and the right phrenic and vagus nerves, and the trachea ; and on the left, the 
oesophagus and thoracic duct, the left common carotid and subclavian arteries, 
and the corresponding phrenic and vagus nerves. 

In certain situations the surface of the parietal pleura, directed towards the 
pleural cavity, is not in contact with the visceral pleura, two portions of parietal 
pleura being in apposition. The part of the pleural cavity, boimded in this way 
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by the parietal pleura, is called the sinus pleuree. This space varies in its extent 
according to the condition of the lungs, being diminished in inspiration and 
increased during expiration; but in all probability it cannot be completely 
obliterated, even by forcible inspiration. It is found on both sides, between the 
chest wall and the diaphragm {sinus phrenico^sostalis), and on the left side between 
the chest wall and the pericardium {sinus costo-mediastinalis), opposite the lower 
part of the body of the sternum. It is best marked posteriorly, as here the costal 
and diaphragmatic portions of the pleura are in contact from about the tenth to 
the twelfth rib. 

Stmcture. — ^The pleura possesses the usual characters of serous membranes. 
The costal part is the thickest, and may be easily raised from the ribs and inter- 
costal spaces, with which it is connected by the fascia endo-thoracica. On the 
pericardium and diaphragm, the pleura is thinner and more firmly adherent ; 
but it is thinnest and least easily detached upon the surface of the lungs. 

A difference is also noticeable in the character of the superficial epithelial layers, 
for, while on the pleura costalis these consist of the ordinary flattened cells, on the 
pleura pulmonalis the cells are less distinctly flattened and more granular and 
polyhedral, but they become flattened out when the limg is distended (Klein). 
Beneath the serous covering, there is placed a thin layer of subserous areolar tissue, 
mixed with a large number of elastic fibres. It is continuous with the areolar 
tissue in the interior of the lung, and has been described as a distinct coat imder the 
name of the second or deeper layer of the pleura. In the lungs of many animals — 
such as the lion, seal, and leopard — this subserous layer forms a very strong 
membrane, composed principally of elastic tissue ; in others—as the guinea-pig 
— ^is found a network of plain muscular fibres, which have a general radiating 
direction from the apex (Klein). 

Blood-Tessels, Ijrmpl&atios, and nerres. — ^The arterial supply of the 
visceral pleura is derived from both the pulmonary and bronchial arteries, and that 
of the parietal pleura from the intercostal, phrenic, internal mammary, mediastinal, 
and bronchial arteries. The Telns correspond. The capillaries beneath the visceral 
pleura form a coarser network than those of the pulmonary alveoli. &3rmpliatio 
▼easels are abundant in and beneath the pleura, as in other serous membranes, 
and they communicate in many parts, by means of stomata, with the pleural cavity. 
Id the pleura costalis, the stomata are only found over the intercostal spaces, not 
over the ribs (Dybkowsky). The lymphatics of the visceral pleura pass with 
those from the lungs to the bronchial glands. Vessels from the costal pleura pass 
to small intercostal glands situated near the heads of the ribs, and to the glands 
along the course of the internal mammary artery. The costal pleural vessels 
are connected indirectly, through their union with the lymphatics of the fourth 
and fifth intercostal spaces, with the axillary glands ; and there is a connexion 
between the lymphatic systems of the chest and abdomen, owing to the free 
anastomosis between the lymph-vessels on the pleural and peritoneal surfaces 
of the diaphragm. The nerTes of the visceral pleura are derived from the 
pulmonary plexuses, and those of the parietal pleura from the intercostal, vagus, 
phrenic, and S3nnpathetic nerves. 

PULMONES. 

The shape, surfaces, borders, and relations of the langrs. — ^Each 
limg (pulmo) is irregularly conical (fig. 176), and presents for examination 
a base, an apex, a costo-vertebral and a mediastinal surface — all of which, except 
the apex, are bounded by definite borders. The base ijbasis pulmonis) looks 
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downwards, is large, forming about one-sixth to one-eighth of the total superficies 
of the lung, and has a concave surface, which is moulded on the convex upper 
surface of the diaphragm. It is partly bounded by a somewhat horseshoe-shaped 
border, which is thin, projects towards the phrenico-costal sinus of the pleural 
cavity, and separates the basal from the costo-vertebral surface. The smaller 
remaining part is irregularly concave, is situated medially, and marks the junction 
of the base with the mediastinal surface. The greater part of the border uniting 
the basal and the mediastinal surface fits into the angle at the junction of the 
pericardium and the diaphragm. On the right side, this angle is known as the 
cardio-hepatic (fig. 165). Behind this, on the right side, there is a weU-marked 
groove for the inferior vena cava, and on the left side a less distinct one for the 
oesophagus and aorta. The base of the right lung is separated from the liver by 
the diaphragm, and that of the left limg by the same muscle from the stomach, 
the spleen, and sometimes the left lobe of the liver, and the splenic flexure of 
the colon. 

The apex {apex pulmonis) is blunt, and reaches into the root of the neck only 
slightly above the oblique plane of the superior aperture of the thora2c, but about 
3 cm. or 4 cm. above the first costal cartilage. It is separated by the pleura from 
a number of important blood-vessels and nerves, as already explained in the 
account of the pleura. 

The apical portion of the long may be oonsideied, for olinical purposes, as reaching down to 
a horizontal plane corresponding to the second costal cartilage and junction of manubrium, with 
body of sternum in front, and the disk between the fourth and fifth thoracic vertebrae behind 
(J. S. Dickey). 

The costo-vertebral surface is convex, and lies in relation to the sternum, upper 
ten ribs, costal cartilages, and thoracic vertebrse. It may be subdivided into a 
stemo-costal part, extending as far back as the angles of the ribs, and a vertebro- 
costal portion, looking backwards and inwards, and resting against the ribs from 
the angles to their heads, and against the side of the bodies of the vertebrae. The 
costo-vertebral surface is bounded in front by a well-defined border (except near 
the apex), separating it from the mediastinal surface : below, by a sharp edge from 
the basal surface, and behind by a more or less distinct vertical ridge from the 
mediastinal surface. The part of the lung lying in the concavity formed by the 
posterior portion of the ribs is often termed the posterior border. 

The mediastinal surface (Jades mediastinalis) presents a vertical fissure or 
hilum, through which various structures pass into or out of the lung and form its 
root. Below and in front of the hilum, there is a large concave area for the lodgment 
of the heart and pericardium : that on the left limg being deeper and more extensive. 
Above the hilum, the right lung is in close relation with and may show depressions 
for the right innominate vein, the superior vena cava, the vena azygos, the trachea 
and oesophagus, and the phrenic and vagus nerves. On the left lung, there is a 
well-marked groove which arches backwards above the hilum, and then descends 
behind it. This groove lodges the aorta, and above it are depressions for the left 
innominate vein and the left subclavian and common carotid arteries. Behind 
the subclavian groove is an area, opposite which the oesophagus and thoracic 
duct lie. 

At the summits and posterior borders, the eirtent of the lungs corresponds to 
that of the pleural sacs which contain them ; but in front and below, the relation 
is variable, inasmuch as the anterior margins below the level of the third or 
fourth costal cartilages pass forwards between the mediastinal and costal 
pleurse during inspiration, and retire to a variable degree from between them in 
expiration ; and in like manner the inferior margins descend, during inspiration. 



tietveen the costal and diaphragmatic pleum : probably, at no time do they ever 
descend completely to the line of reflexion between those membranes. 

The lower edge ol the right Itu^ nsually extends to the sixth rib in the 
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mammilUry line, to the eighth in the mid-axillaTy, and to the tenth in the post- 
Bcapnlar line. The left lung is often nearly a rib lower than the right. 

Flssnr«> and lobes of the Itinrs. — The left lung ia divided Into two lobes 
by a long and deep fissure, which can be traced on the surface of the lung from the 
upper and posterior part of the hilum, upwards and backwards, on the inner surface. 
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and reaches the posterior border at about the level of the fourth rib ; the fissure 
then passes obliquely downwards and forwards over the outer suiface to the lower 
border, which it joins near its anterioT end. This part of the fissure is somewhat 
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more oblique than the adjacent ribs ; thus, beginning at the fourth rib, it gradually 
leaves it to gain the inner surface of the fifth rib, which it finally crosses to reach 
the sixth costal cartilage, a little below the apex of the heart. From the lower 
border of the lung, the fissure can be seen to paes up the inner surface to the lower 
part of the hilum. The fissure extends from the surface deeply into the lung. 



leachiug close to the hilum, and practically dividing the lung into two distinct 
parts. The upper lobe is tbe smaller. It toitaa the apex, the whole of the 
anterior border, and the greater part of the concavity for the heart. To the 
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lower and larger lobe belong the greater part of the thick posterior border and 
almost the whole of the diaphragmatic surface, except a small area in front. The 
highest part of the lower lobe is found at the posterior border of the lung, where it 
usually reaches to the fourth rib. 

In the right lung there are two fissures, dividing it into three lobes, called upper. 
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middle, and lover. One of these fissiuea closely conesponds in its positdon and 
diiectioa to the one on the left side, except that it is lathei more vertical, and 
joins the lower border of the lung farther oatwards. It may be regarded as the 
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main fiaaure, and separates the lower lobe from both the upper and middle lobes. 
The additional dssure is seen on the outer surface to pass tom the main fieanre 
nearly horizontally inwards, and to join the anterior border at the level of the fourth 
costal G&rtilage. From this border it can be traced on the inner surface backwards 



to the hilum. Like the main fissure, it extends deeply into the lung, and it slmost 
completely cuts oS the middle bom the uppei lobe. 

VarlatleB. — Inegnloritiei in the Dontbei Hid pomlion of the lobea (rf tbe Inng (u« not very 
nnoommon. Absence of »lobe,owingtoitsnon-development,i8TeryrarB; but cues of itd pftrtial 
onion witb the adjacent parts of the lung, owing to defective fonoation of the fiEanreB, ue often 
seen. AcoeBBory lobes often resnlt from fiBsuiing of the primary ones. An acoessory lobe on 
the right aide, situated below the root of the lang, and apparently corresponding to the kbua 
impar of Tarious nuunmklB, has been frequently obaerred. Sereral cases have aUo been recorded 
of Bit acoeisoTy lobe above the root of the lung, whioh was constricted at its bwe by the vena 
•lygos., 

IMfforonoes between tlie two Innffs. — The right lung is Sorter than the 
left, Dving to the diaphragm rising higher on the right side to accommodate the 
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liver; whilst the left lung is the narrower, owing to the heart and pericardium 
encroaching on the left half of the thorax. On the whole, however, as is seen 
on a comparison of their weights, the right is the larger of the two lungs. 

As already described, the right lung has an additional fissure and lobe, as 
compared with the left lung, and the mediastinal surfaces also differ, mainly, owing 
to a want of bilateral symmetry of the heart and great vessels which tie between 
the two. The anterior border of the right lung passes almost straight down, behind 
the sternum, from the level of the second to the sixth costal cartilage ; whereas 
the corresponding border of the left lui^ turns outwards and downwards, opposite 
the fourth co&tal cartilage, and then usually curves inwards before joining the 
lower border of the lung. This notch in the anterior border of the left tung is 
known as the incitura cardiaca, and the process below it is called the lingula. 

In consequence of this notch, an area of the heart on the left side of the median plane 
is unoovered by lung. The part of this area to the left of the sternum is often called the area 
of p^KOOrdial dullness, or the area of superficial cardiac dnllness. The area of the heart 
vnctivered by long is irregularly triangular in shape, the tliree fixed points being: (a) one at 
midstemnm, oppotdte the fonrth costal cartilagea ; (6) another at the apex beat ; (c) a third 
at midstemmn, at the junction of the bod; of the sternum with the enaiform cartilage. The 
line joining the first two of these points is irKgulorly curved, with the convexity directed 
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upwards and outwards. The line joining the second with the third point is slightly curved, with 
the convexity directed downwards and to the right. At the inner part of its lower border, 
cardiac dullness frequently merges in hepatic dullness. 

Roots of the langrs. — ^The root of each lung is composed of the bronchus 
or subdivision of the air-tube, and the large blood-vessels, together with nerves, 
lymphatic vessels, and glands, connected together by areolar tissue, and enclosed 
by the reflexion of the pleura. 

The roots of the lungs are situated at the level of the bodies of the fifth, sixth, 
and seventh, and often also the eighth, thoracic vertebrae. The root of the right 
lung lies behind the superior vena cava and part of the right auricle, and below 
the azygos vein, which arches over it to enter the superior cava. That of the 
left lung passes below the arch of the aorta, and in front of the descending aorta. 
The phrenic nerve descends in front of the root of each lung, and the vagus nerve 
behind ; whilst the ligamentum pulmonis is continued from the lower border. 
The bronchi, together with the bronchial arteries and veins, the lymphatics and 
lymphatic glands, are placed on a plane posterior to the great blood-vessels, whilst 
the pulmonary veins are in front of the arteries. The pulmonary plexuses of 
nerves lie on the anterior and posterior aspects of the root, beneath the pleura ; 
the posterior plexus being the larger of the two. 

On the right side, the undivided portion of the bronchus is usually altogether 
above the right pulmonary artery ; on the left side, the imdivided portion of the 
bronchus, which is considerably longer than on the right side, extends to below the 
level of the left pulmonary artery, which crosses it. On both sides, the pulmonary 
veins are below the corresponding arteries. 

Distribation of the bronchi within the lungti- — ^As already mentioned, 
the right bronchus gives off a branch near its origin, which is distributed, in the 
upper lobe of the limg (fig. 180, ep), while the left bronchus passes into the hilum 
of the lung before it begins to divide. Each bronchus possesses a main stem, 
which goes downwards, backwards, and outwards, through the lung, to end near 
the posterior part of the base, and from this stem a series of ventral and dorsal 
branches are given off, so that the general distribution of the bronchi may 
be described as bipennate. In addition to these two rows of dorsal and ventral 
branches, accessory ones are occasionally met with, coming off from the main 
trunk in its passage through the lower lobe. These usually arise from the front, 
and are intermediate in position between the dorsal and ventral series. The 
ventral branches are usually large and more regular than the dorsal. The lower 
part of the bronchial stem is not easily demonstrated in man, owing to its small 
size as compared with the branches arising from it. 

The origin and distribution of the branches of the two bronchi differ in several respects from 
one another, and the two sets are summarised as follows by Dr. J. Stuart Dickey {Appli^ Anatomy 
of the Lungs and Pleural Membranes, 1911). 

* The right bronchus gives off the following branches : — 

1. Apical or eparterial bronchus arises 2 cm. from the trachea, turns upwards and outwards, 
and divides into an anterior, a posterior, and an ascending branch, which supplies the upper lobe 
alone. 

The main trunk continues to run downwards and outwards, and gives off four or five ventral, 
three or four dorsal, branches, and one subcardiac branch. 

2. The first ventral bronchus : supplies the middle lobe alone. 

3. (a) The remaining three or four ventral branches supply the bulk of the lower lobe, except 
its apex and its posterior or vertebral surface, which are supplied by — 

(&) The dorsal branches, small in size, running backwards and inwards ; 
(c) The subcardiac branch : runs to the lower part of the mediastinal surface and to the inner 
part of the base. This portion of the lung may form a distinct lobe. 
The left bronchus is somewhat different from the right. 



1. A very lu^ bronoh, Miiing about 4 cnu or 6 cm. from the tiaoheA, divides into two 
branclLei, which are believed to lepresent the apical and first ventral broDohi of the right side ; 
bj means of these two braoohee the upper lobe is supplied. 

(a) The apical bruich gives off aa anterior, a poaterioT, and mi ascending branch, as on the 
right side. 

{b) The fiist ventral supplies the lower part of the npper lobe, including the lingala. 

2. The second to the fifth ventral ; and the three or four dorsal bronchi springing from the 
continuation of the left brooohial stem supply the lower lobe much as on the right side.' 

Our piesent knowledge of the distribution of the bronchi ie mainly due to the investigations 
of deby,' Ewart.'aod Naratb.' 



Fta. 177. — FosTTiQN or the LmoB (BLin). tiiwid rsoH thi rwinT, m a hah aoed TtOBTi-ElauT ykibs. 
One-fourth natonl lire. (J. 8. Dickey.) 
The cavilios of the luyDx, trachea, and moia broachi are given as foond ia this tpecimeu; bnt the 
position of the smaller bronchi are based upon a metallio oaat by UerkeL 

Aeby opposed the old idea that the division of the bronchi was dichototaous, and asserted 
that the bronchus of each Inng possessed a main stem, which traversed the organ in a some- 
what curved direction, and terminated at the posterior part of its base. This main stem 
gave oft a series of ventral and dorsal branches, and occasionally also accessory bronchi. He 
further divided the main branches of the bronchi into eparterial and hyparteriat — these namea 
expressing the relations of the bronchi to the right and left pulmonary arteries. From the exami- 
nation of various mammals, ho concluded that the eparterial bronchi might be absent, onilateral, 
or paired. As it is present in man on the right side only and supplies the npper lobe, while the 
hyparterial bronchi go to the middle and lower lobes of the right tang and the npper and lower 

1 I>er SrmulkKi&aun do- Saasetitrt tnd da Sftiuchm, I8S0. 

1 The Bronchi and Palnonary Blood-vaitU, 1888. 

' Dtr BronehialbatHn dtr SSugetittt vnd da Mtntchtn, IBOl. 
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lobes of the left lung, Aeby held that the upper lobe of the right long was not repnaented in the 
left lung. 

Ewart'B work oonaiata of a rery thorough and elaborate oxaminatioo of the dutribution of 
the bronchi in the human subject, and he endeavours to ihow that the scheme of diatribatirai 
propoaed by Aeby to not applic»ble to man. He does not believe that the relation of the pnlmonary 



teetion in /iff. 166 



Tratupj/lorie plant 
Ltvtl of pj/lomt 



Flo. 178.— BioHT t 

KmnoiT OF TBI Lcno (bldm). One-third OktnnJ liie. (J. 8. Dickej.) 
The Tertieall/ itriped uts beloir the long indicates the extent of tin eoato-phreaio pleniBl ■iuna. 

arteries to the main branches of the bronchi Is a competent alandard for the deteimiiiatian of 
the morphological value of the bronchial tubes, lie shows the difficnlty of tracing the lower 
part of Aebj'g main bronchial stem, and supports the diohotomoui diviaion of the bronchi as 
being more oonBistent with the facta than Aeb^s view of a main stem irith donal and ventr&l 
branches. Ewart proposes a very elaborate cUsBification of the bronchi, for particulan of which 
the reader most be referred to bis monograph. 

Some idea of the extenaive character of Narath's investigatioos may be formed from the 
fact that his book contains S42 figures in the text and seven large plates. The work is Uugelj 
oompuative and embryological. He supports the view of Aeby that eooh loog is tnvecwd 
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by a Btem-bnmohtu with Teatral and doiMl branches ; bntaditiita th&t while thii stem is vety 
eTident b the lower mam nwl a , eapeoially in the Bchidnft, its bwer p*rt is obBoured in the primafei 
by ohanges in the form of the thorax, by whioh the long becomes ghortened and ftt the same time 
inoreaaed in ito transrerse and dorso-rentral diameter. He hold* that an apical bronobiu 



Fio. 119. — Lin Li.-rmiut, aspict or tui tbokax or a um aoid TmBnr-iiaBT tubs, SBOvnia ml 

rosrrioN or thb ldmo (bldi). Oae-thlrd utonil liie. (J. S. Diokey.} 

The Tertic»I <triped uu below ths lung indiostia the sitent of tha oCMto-pbrenio pleural ■iaiu. 

(eparterial of Aeby) eilBts on both aides, although its origin diSere in different mammaU. In 
man, the npper lobe is supplied by a trunk, which divides into an apiool and the Urst ventral 
branoh; whileouthe rightdde.tbeapicalsapplies the upper lobe, and the GistTenlzal the middle 
bbe. The upper lobe of the left lung ia, therefore, homologous with the upper and middle 
lobes of the right long. Narath'a work contains a copious bibliography on the subject. 

Stmotnre of the bronoUal tabes. — Within the lungs, the air-tubes aie 

not Sattened boliind like the bronchi and trachea, but form completely cylindrical 
tubes. The cartilages no longer appear as imperfect rings running only upon the 
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front and lateral surfacea of ttio aii-tube, but are disposed over all sides of tlie tnbe 
in the fonn of irregularly shaped and incomplete rings of various sizes. These are 
most developed at the points of division of the bronchi, where they form a sharp 
concave edge, projecting inwards into the tube. They may be traced — becoming 
rarer and rarer and more reduced in size-^as far as bronchi one millimetre in 
diameter; at about this point the mucous glands disappear, but the mucous 
membrane retains its cihated epithelium. The muscular fibres, which in the 
trachea and main bronchi are confined to the back part of the tube, surround 
the smaller bronchi with a continuous layer of annular fibres lying inside the 



Flo. 180. — Skktcb SHOwna thk lowib imd or thi tbaohba, its DtrmioN oto the two bbonosul 

TBEHU, USD THE COITBaK AKD dHEF BtUtrCHES (IF THKSE VnOm THB LDNOa rBOK BETOBE. 

(After Aebf.) 

a, upper, b, iniddlfl, it, lover lobe of the right long ; b', upper, c\ lover lobe of the left Lung ; r.p.. right 
pulmonaiy artery ; t.p., left utery ; r,br., right bronchiij troiik ; IM,, left broochul tnmk ; tp., oo Uie ri^t 
aide, epnrterUl brsQch nippljing tho upper lobe ; v.k.', first Teotrol bjperterul bronohui nipplying tbe miiMlp 
lobe on the right aide, the upper lobe od the left; tj.h.^, ir.h^^, v.h.*., the remutiiag veDlzftl hyparterial bivnclMfl 
dutnbuted in the lower lobe on each Bide ; <f.A.^d,A.:,iI,A.^(l.A.i, the four donilhyputeTialbriinohe>dub:ibDt«d 
on both odea in the posterior and inner put of the lower lobe ; h, kccessny Ivonchua triaing close to tbe Gnt 
donal byperteriai broachue on the right aide, and repreeentiag the one which auppliea tbe ezygoa lobe in ocme 
Bjiimalg. The main brsncbee of tlie pulinonar; vesaels are distributed like the bronchi. Within the lung 
the arterial trunks ran behind the bronchial brenchea, the venous trunks in front. 

cartilaginous plates ; they are found, however, beyond the place where the 
cartilages cease to exist, and appear as irregular annular fasciculi — even in the 
smallest tubes. 

The smallest divisions of the bronchi, about 02 mm. in diameter, are known 
as tho terminal' or lobular bronchioles ; they end in the pulmonary lobules, and 
each of these lobules may be regarded as a miniature lung. According to 
W. S, Miller (fig. 185), a lobular bronchiole divides into two or three passages 
called the vestibules, out of which open dilatations known as the atria, and these 
are continued into several blind diverticula termed infundibula. The vestibules, 
atria, and infundibula are beset with recesses, alveoli, or air-cells, lined with 
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pavement epithelium, and having in their walls a fine capillary network inter- 
vening between the branches of the pulmonary artery and the tributaries of the 
pulmonary vein. 

Blood-TesB«ls of tbe lunr*. — The pulmonary arteries and veins are of large 
size, and at the root fill the interspaces between the large bioncbi, so that no room 
remains here for any pulmonary tissue, and the origin of the lobular bronchioles 
JB relegated to more peripheral zones. The branches of the pulmonary artery form 
within the lung a duplicate of the bronchial tree, and do not anastomose with one 
another. Each bronchus is accompanied by a single artery, which tends to be 




Fio. ISI. — Cut or tbb ihtikioh o/ 

(Aoby.) 
Thin cut ihovi k type of diTiaioa frequent); met with, the right broachos being almost ii 
of the line of the tnohu. 

d, epnrteriat branoh i b, (, hyparteriAt bnncbeA (ventnl »nd dorsAl). 

associated with the part of the bronchial wall which is cartilaginous, and its minate 
branches enter the lobules in close association with the terminal bronchioles. 

The radicles of the -jpulmanaTy veins arise from the capillary network of the 
alveoli and from that of the smaller bronchial tubes. Their radicles are collected 
in the septa between the infundibula, apart from the terminations of the arteries 
and bronchioles. The branches of these veins which arise from the infundibula, 
near the surface of the lung, run alone for a certain distance through the substance 
of the organ. They finally either join some deeper vein which ia passing towards 
the hilum, or they remain superficial, forming a wide-meshed plexus near the 
surface of the lung, finally passing towards the hilum to join the larger veins near 
the root of the lung. The veins from the more deeply lying infundibula form 
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frequent communications, and finally coalesce into large brancliea, which ultimately 
accompany the bTonchial tubes and arteries, coursing as a rule In front of the 
bronchial tubes, and thus proceed to the root of the lusg. In their course together 
through the lung the artery is usually found above and behind a bronchial tube, 
and the vein below and in front. 

The pulmonary vessels difler from the systemic in regard to their contents, 
inasmuch as the arteries convey venous blood, whilst the veins carry arterial blood. 



^^ffiJ y% "V 



Fra. IBS. — Cast or thi iktskiob of ist ■nuaaBk and bbohchi, with thkis cBtsr Buuncinoss withib 

TBB LDHos. (deb;.) 

Ttiia cut ihowi & type ol diTiiion lew frequent thin the lut, the right tad left bronchi being ilmoit it 
right englei to one Another. 

a, eputerlal bnnch ; b, veutiml h7p«t«ritd branches ; I', uxeaotj (iiTgoa) bnnch ; t, donti hyputerial 
bnnches. 

The pulmanaiy veins, unlike the other veins of the body, are not more capacious 
than their corresponding arteries : indeed, according to Winslow, Santorini, Haller, 
and others, they are somewhat less so. These veins have no valves. The arteries 
of difierent secondary lobules are usually independent ; the veins freely anastomose. 
(For further particulars regarding the distribution of these vessels, consult 
W. Ewart, 'The Bronchi and Pulmonary Blood-vessels,' London, 1888.) 

BronoUal Teftsels. — The bronchial arteries and veins, which are much smaller 
than the pulmonary vessels, carry blood for the nutrition of the lung. The bronchial 
arteries, from one to three in number for each lung, arise from the aorta, or from 
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an intercostal artery, and follow the divisions of the air-tubes through the lung. 
They are ultimately distributed in three ways : (1) many of their branches ramify 
in the bronchial lymphatic glands, the coats of the large blood-vessels, and in 



a, ortilagq uid Bbrcnu Ujer with moMms glsoda. mad, in the onler put, ■ littla bt ; ia the middle, 
the daet o[ a gkod opens on the ioiur surlaoe of the tube; b, ^nnnUr bjrar ol iavolaatuy miuculu' 
Sbna 1 e, alEetk Ikjer— the elutio flhtea In buudlas vhkh ue wen cut unaa ; d, oolnmnar ciliated 

the walls of the bronchial tubes, supplying an outer capillary plexus with trans- 
verse meshes to the muscular coat, and an inner plexus with close longitudinal 
meshes to the mucous membrane, which in the lobular bronchioles is continuous 
with that supplied by the pulmonary artery ; (2) others form plexuses in the 
interlobular areolar tissue ; (3) branches pass from the interior to the surface 
of the lung beneath the pleura, 
and join the network of pul- 
monary venous capillaries which 
is found there. 

The bronchial veins have not 
quite so extensive a distribution 
in the lung as the bronchial 
arteries, since part of the blood 
carried by the bronchial arteries 
is returned by the pulmonary 
veins. The superficial and deep 
bronchial veins unite at the root 
of the lung, opening on the right 
side into the azygos, and on 
the left usually into the hemi- 
azygos vein. 

AcGOTding to ZookerhondlCUeber 
die AnMtomosea der Venn pnlm. mit 
den Bronchialvenen,' u.a.v. ^iU-ungibet. 

d, Wiener Alcad., Bd. IzxitT., ISSl), it is not only at the extremities of the broachial 
tabes tlutt the blood broaght by the bronchial arteries ia letumed by the pulmonary 
veins, but in other puts small bronchial veins open into puhnonary branches ; and even 
veins which reoeive branches fr<»n the larger bronchi, from the bronchial glands, and from 
th& posterior surface of the perioardiam, empty their conteuta partly into the gnat trunks of 
the pulmonary veina. 
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A few amall branches of the inUrcoaUil arUria also pui to the puhnaDorj pleura and surface 
of the lung through the ligamentmn pulmonale (Turner). 

Zuckeikandl (' Ueber die Verbindungen zwischen den arteriallen Gefaseen der 
mensch. Lungea,' Silsungiber. d. Wiener 
Ahad., Bd. Ixxxvii., 1883), described an 
anastomosis in the lung, between tbe 
branches of the pulmonary and bronchial 
arteries ; but this is disputed by Miller 
(' The Arrangement of the Bronchial 
Blood- vcsbcIb,' Anal. Amxig., Bd. xxviii., 
1906), who found that by using a 
granular injecting mass, which would not 
pass through capillaries, no anastomosis 
could be demonstrated. 

Kympliatini. — The alveolar lympha- 
tics of the lung take origin from 
lymphatic capillaries in the inter-alveolai 
septa, and those near the surface of the 
lung come into connexion with the 
sub-pleural lymphatic plexus. They 
join to form vessels which accompany 
the branches o£ the pulmonary artery 
and vein, running on the walls of those 
vessels in twos or threes, connected by 
numerous cross branches, and in some 
cases almost completely surrounding the 
blood-vessel. 

Other lymphatics, which may be 

distinguished aa br&nchial, originate in plexuses in the mucous membrane of the 

bronchial tubes. Hence they pass through the muscular coat to form another 

plexus in the fibrous layer, where 

they are most numerous on the 

side opposite the accompanying 

branch of the pulmonary artery. 

Here they are not infrequently f 

found to enclose nodules of lymphoid 

tissue. The branched connective- 
tissue corpuscles and cell -spaces 

with which the lymphatics are in 

connexion at their origin, send 

processes upwards to the inner 

surface of the air-tubes and alveoli, 

between the epithelial celts (like 

the pseudo-stomata of the serous 

membranes). Lymphoid tissue is 

found, according to Arnold, in 

various parts : namely— under the 

pulmonary pleura, in the peri- 
vascular and peri-bronchial tissue in the bronchial wall, and around the alveolar 

passages. 

The lymphatic vessels of the lungs are connected with numerous lymphatic 

glands found in the lungs near the hila (broncho -pulmonary), and in relation to 



FlCl. ISG.— DUflKAH Of TBI KKDI 
BKOHCaUI. TOBB. (W. S. .MiH 
B. tarmioation of lobulsi bronchi 
vefltihule. by meaoA of which it coeei 
with the atfia, A i 8. ur<BU], opeoing out of atriam 
ADd beflfit with air-oelh^p o ; p, lobular orteziolD ; 
T, ODD of tha lobular Tflnuloi. 



Fra. ISe.— POBTION or THK OVTEH SUBFIOI OT THI COW*! 

Ltrno. Magnifitd thirty diunelen. (From Kolliter, 
after Halting.) 
a. pnlmoDary alveoli filled artificially with wax ; b. Ibe 
margini of the snuiUeet lo bul«. 
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the main broiichi outside the lungs and the thoTacic part of the trachea (bifurcatory 
and tracheo -bronchial). 

Merrttft,- — The nerves of the lung conie from the anterior and poeUrior -pul- 
monary -plexases, which are formed chiefly by branches from the vagi nerves, 
joined by others from the sympathetic system. The fine nerve-cords enter at 
the root of the lung, and follow the air-tubes. According to Remak — whose account 
has been confirmed and added to by the more recent observations of Stirling and 
others — they include both white fibres (derived in all probability from the vagus), 



gut. 187.— SsoTioit or inmniD Lnro, raoLmraa sivbul oo^inaDoua ur-cilu ok u.vioij. Highlj 
nugoitied. (F. B. Sohultu.) 
a, a, fne edgea of ur-cells ; c, c, paititioiu between neighbauriiig air-oelli »fD ia Miction ; S, (null arterial 
branch giving o9 CBpilluJH to the alveoli. The looping of the veswli to either itde of the putitiooa ig ndl 
exhit^ted. Between the capillAnea is seen the homogeneoue alTMJar wall with nuclei of aonnective-tiMW 
ocrpuAolee and elaotio fibtoa. 

and grey filaments (proceeding from the sympathetic), and have ganglion-cells, 
both singly and in groups, upon them in their course. In the lower vertebrates 
(frog, newt), the nerves are chiefiy distributed to a layer of plain muscular tissue, 
which is everywhere found taking part in the composition of the relatively simple 
pulmonary wall (Stirling). Berkeley has described the nerve-endings in mammals 
as forming a plexus of fine fibrils with interspersed stellate cells, such as have been 
noticed in many glands and mucous membranes. The ultimate ending appears 
to be in open arborisations upon and between the alveoli. 

WoUrbt of the Innffs. — The lungs vary much in weight according to the 
quantity of blood they may happen to contain, as well as from other causes. The 
weight of both lungs together, as generally stated, ranges from 30 oz. to 48 oz., 
the more prevalent weights being found between 36 oz, and 42 oz. (1,300 grms. 
in the male and 1,023 grma. in the female, according to W. Krause). The 
proportion borne by the right lung to the left is nearly that of 22 oz. to 20 oz., 
taking the combined weight of the two at 42 oz. (682 grms. to 618 grms., taking 
the combined weight as 1,300 grms.). The lungs are not only absolutely heavier in 
the male than in the female, but appear to be heavier in proportion to the weight of 
the body. 
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Spitza (' Note on the True Weight of the Human Lungs/ American Journal of Anatomy, 
vol. iii. ; Proc. Assoc. Amer, Anatomists) examined the lungs of six criminals executed by electricity 
and found their weight to be much less than usually stated : the average weight of the right 
lung being 280 grms. and the left 263 grms. This is not quite half that given by Kiause. The 
lightness was due to the almost complete absence of blood in the lungs. 

Dimensions of tlie Inngrs. — In sections through the thorax of adult males, 
the average diameters of the limgs are as follows : the greatest vertical, 22 cm. to 
25 cm. ; the greatest antero-posterior, 13 cm. to 16 cm. ; and the greatest transverse, 
9 cm. to 11 cm. In such specimens, the size of the lungs is approximately those 
during life at the end of expiration ; but at the completion of the inspiratory act 
all the diameters would be greater. The collapse of the lungs after removal of 
the chest wall is so extensive that they only occupy about one-third of the volume 
which they possess at the end of an inspiration. 

Air-oapaoitj of tlie longs. — ^At the end of a deep inspiration in a well- 
formed, vigorous man, the air contained in the lungs may amoimt to nearly 
5,000 c.c. ; while in collapsed limgs, such as are foimd in the cadaver after open- 
ing the pleural cavities, the amount is about 1,500 c.c. The average amount of 
air inspired or expired in ordinary breathing is about 500 c.c. 

Physical properties. — The substance of the lung is of a light, porous, 
spongy texture, and, when healthy, is buoyant in water ; but in the fetus, before 
respiration has taken place, and also in certain cases of congestion, collapse, or 
consolidation from disease, the entire lungs, or portions of them, sink in that fluid. 
The specific gravity of a healthy lung, as found after death, varies from 0345 
to 0*740. When the lung is fully distended its specific gravity is 0126, whilst that 
of the pulmonary substance, entirely deprived of air, is 1*056 (Krause). When 
pressed between the fingers, the lungs impart a crepitant sensation, which is 
accompanied by a peculiar noise ; both effects being caused by the air contained in 
the tissue. On cutting into the limg, the same crepitation is heard, and there 
exudes from the cut surface a reddish frothy fluid, which is partly mucus from 
the air-tubes and air-cells, and partly serum of blood, rendered frothy by the 
admixed air. 

The pulmonary tissue is endowed with great elasticity, in consequence of which 
the lungs collapse to about one-third of their bulk when the thorax is opened. 
Owing to this elasticity also, the lunge, if artificially inflated out of the body, 
contract to their previous volume when the air is again allowed to escape. 

In infancy, the limgs are of a pale rose-pink colour, which might be compared to 
blood-froth ; but as life advances, they become darker, and are mottled or variegated 
with spots, patches, and streaks of dark slate-colour, which sometimes increase to 
such a degree as to render the surface almost unfiormly black. 

The dark colouring-matter found in these streaks is in the form of granules and collections 
oi granules, frequently not enclosed in colls ; it is deposited in the interstitial areolar tissue 
mostly near the surface of the lung, and is not found so abundantly in the deeper substance. 
It exists sometimes in the air-cells, and on the coats of the larger vessels. Its quantity increases 
with age, and is said to be less abundant in females than in males. In persons who follow the 
occupation of miners, more especially colliers, the lungs are often intensely charged with black 
matter. The black substance seems mainly to consist of particles of carbonaceous substance. 
It is found also in the bronchial glands ; indeed, it appears to be taken up in large measure 
by the lymphatics. In exceptional cases, the adult lungs ^exhibit only very slight streaks 
of pigment. 

Condition in tlie fetus and ohangrea alter birth. — In the fetus, the 
lungs contain no air, and consequently sink in water. They undergo very rapid 
and remarkable changes after birth, in consequence of the commencement of 
respiration : these afEect their size, position, form, consistence, texture, colour. 
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and weight, and should be carefdly studied, as furnishing the only means of 
distinguishing between a still-born child and one that has respired. 

1. Position^ size, and form, — In a fetus at the full period, or in a still-born 
child, the lungs, comparatively smaU, lie packed at the back of the thorax, and do 
not entirely cover the sides of the pericardium. When respiration begins, the lungs 
expand, and completely cover the pleural portions of that sac, and are also in contact 
with almost the whole exent of the thoracic wall, where it is covered with the 
pleural membrane. At the same time their previously thin, sharp margins become 
more obtuse, and their whole form is less compressed. 

2. Consistence, texture, and colour, — The introduction of air and of an increased 
quantity of blood into the fetal lungs, which ensues immediately upon birth, 
converts their tissue from a compact, heavy, granular, yellowish-pink, gland-like 
substance, into a loose, light, rose-pink, spongy structure, which, as already 
mentioned, floats in water. The changes thus simultaneously produced in their 
consistence, colour, and texture, occur first at their anterior borders, and 
proceed backwards through the lungs : they, moreover, appear in the right lung 
a little sooner than in the left. 

3. Weight, — ^The absolute weight of the lungs, having gradually increased from 
the earliest period of development to birth, undergoes at that time, from the quantity 
of blood then poured into them, a very marked addition, amounting to more than 
one-third of their previous weight : for example, the lungs before birth weigh 
about one ounce and a half, but after complete expansion by respiration, they 
weigh as much as two and a half oimces. The relative weight of the lungs to that 
of the body, which at the termination of intra-uterine life is about one to seventy, 
becomes, after respiration, on an average about one to thirty-five or forty — a 
proportion which is not materially altered through life. The specific gravity is 
at the same time changed from 1056 to about 0*342. 



UROGENITAL SYSTEM. 



The urinary and genital organs are grouped together under tlie term urogenital 
system (apparatus urogenitalis), as these organs are closely associated with one 
another in their development, and their excretory ducts unite to form a common 
urogenital passage or sinus by which they communicate with the exterior. 



OKGANA UKOPOETICA. 

The urinary organs (organa uropoetica) consist of the kidneys, the glands by 
which the urine is secreted, and the ureters, hladder, and urethra, serving for its 
reception and evacuation. 

RENES. 

The kidneys (renes), two in number, are compound tubular glands, which form 
the hind kidneys or meta-nephri of the embryologist and comparative anatomist, 
as they are preceded in ontogeny and phylogeny by two other pairs of excretory 
organs, known as the pro-nephri and meso-nephri (Wolffian bodies). In the human 
subject, these organs begin to retrogress at an early period of intra-uterine life, 
and soon cease to act as excretory organs, their function being taken up by the 
meta-nephri, which persist throughout life, and are consequently termed the 
permanent kidneys. 

Position. — The kidneys are deeply situated in the loins, lying one on each side 
of the vertebral column, at the back part of the abdominal cavity and behind the 
peritoneum. Their long axes are not quite vertical, but incline from above some- 
what forwards and outwards. They are on a level with the last thoracic and the 
upper two or three lumbar vertebrsB (fig. 192), the right kidney being usually a 
little lower than the left — probably in consequence of the vicinity of the large right 
lobe of the liver. The upper ends of the kidneys are anterior to the twelfth ribs, and 
their lower extremities several centimetres above the iliac crests. The transpyloric 
plane corresponds to about the junction of the upper third with the lower two- 
thirds of the kidneys, and a sagittal section in the lateral plane would divide the 
kidney through nearly its entire length, but leaving rather the larger half lateral 
to the section. Each kidney, therefore, lies in adjacent portions of the epigastric, 
hypochondriac, umbilical, and lumbar regions of its own side. 

Variation in tlie lielfflit of tlie kidney. — ^The kidney exhibits a considerable range of 
variation with respect to its height in relation to the vertebral column. F. Helm (' Zur 
Topographie des menschlichen Nieren,' Anat. Anzeig., Bd. xT., 1895) found that not infrequently 
it reached nearly as high as the upper border of the eleventh thoracic vertebra, but it was very 
rarely opposite the tenth. On the other hand, it may be a vertebra or a vertebra and a half lower 
than normal ; only very exceptionally does its lower pole extend downwards to the side of the 
fifth lumbar vertebra. 

(204) 
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Although the kidney does not DSailly reach as low u the iliftO creat it nwy do so withont 
»ny signs of diEeoae or enlargement. ThuB out of 264 male Eubjecta examined to determine the 
relation of the lower end of the kidneys to the highest part of the iliao crest [see Thomson, ' Report 
of the Committee ol Collective Investigations,' Joiir.Aiiat, and PAys., vo L xxvi., October, 1891), 



Fla. 188.— Thk tiKin:UiY ohoisb or 

R. right kidney,' U, commencement of ths ureter; 
Vr. right renil vein ; Vu, urinary bladder ; Uii, comi 

tnenty-four were at or beknr the crests, siiteeo at the crest, and only six beloMf it. In 184 
females, twenty-Dine were at or below the crest, and of these eighteen were beiow the crest. 
Downwaid displacement of the kidneys is thus more common in women than men. These 
observations also showed that the right kidney was on the average lower than the left. 

Form and rolatlotu. — The surface of the kidney is smooth and of a deep red 
colour. It is bean-shaped, and possesses two surfaces— an anterior looking forwards 
and outwards, and a posterior backwards and inwards ; two borders — a lateral, 
which is convex, and a median, concave ; and two somewhat enlarged convex 
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extremities — upper and lower. The so-called inner border of the kidney always 
points more or less forwards, and frequently its hilum looks directly forwards. 

The posterior surfaces of the two kidneys lie against the abdominal wall, and 
are nearly identical in theii relations; but the coDDezions of their anterior or 



(R. J. Oodlas ud a. D. Thuw.) 

The ontliOH of the liingv^vid their large finmree on indiDotod by thin liua ; the ptmtioD of the hevt and 
gTHt^veneli (aoperior tbu <mvx. arch at uirta. utd^'imlDKinuj nterj), im well u the abdomiiuU uitk' tad 
tbe conunoD eitcnud iliu ttteriet, hj thkk lines ; the liver ii Rpreeented b; > bnAen line ; the itoiwili 
kDd tnotiene ouloD by think dotted lion 1 uid the kidvya b; thin dotted lioeL 

visceral surfaces difier on the two sides. There is a variable amount of adipose 
tissue, but no peritoneum behind the kidneys. The upper part of the posterior 
surface rests upon the diaphragm ; this muscle separating the kidney from the 
pleura, the twelfth rib, and sometimes also from the eleventh rib (see fig. 79). 
Below the twelfth rib, the psoas and quadratus lumborum muscles are related to 
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this surface, and the areas for these two muscles are often separated by a distinct 
border on the kidney (see fig. 193). The last thoracic, the ilio-hypogastric, and 
the ilio-inguinal nerves pass obliquely outwards and downwards between the kidney 
and the quadratus lumborum. 

The anterior surface of both kidneys usually exhibits a more or less distinct 
transverse ridge, above and below which, it slopes as an inclined plane towards each 
extremity,^ this division of the surface into two parts being usually best marked 




Fio. 190. — Detebminatton or thb position of thb kidneys on the front of the body: scheme. 

(B. J. Godlee and Q. D. Thane.) 

The po6iti(Hi of the hilom is indicated on each kidney by a finely striped area. 



on the left kidney. The anterior surface of the right kidney is covered on its upper 
and outer part by peritoneum, which intervenes between it and the large renal 
impression on the liver. Near its median border the second part of the duodenum 
descends in contact with it, while more externally it is crossed by the commence- 
ment of the transverse colon ; both these portions of the intes+ine are destitute 
of peritoneum posteriorly. The lower end of the right kidney is again covered by 
peritoneum. The anterior surface of the left kidney is crossed transversely, jubt 

1 D. J. Cqnningham, * On the Form of the Spleen and the Kidneys,* Jour, Anat. and Phyt,, vol zziz., 
July 1806. 
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above the level of the h!lum, by the pancreas and the splenic vesBels. Above this, 
there b usually a email aiea'coveted by the stomach ; the lesser sac of the peri- 
toneum intervening. Below the pancieas, it is separated from some coils of the 



ARD ABDOHiNii. viscEKX. ETC. One-fifth natuul eiie. (R J. Godlee md O, D. Tbw».) 
The HTenJ obfecti ue indicated in tbe Bune manoer u in fig. IBS.' ths tnolwa aad liingi by thin Maea. 
the aorta b; tUck lin«, the liver, pancnnB. and ipken by broken lince, the cMOphagwi, alooiach, aacending 
Bad descending doIdo by thick dotted linei, and the kidneys by thin dotted linea ; X , X , seTenth corrioal ami 
5rat lumbar opino. 

small intestine by the peritoneum. The upper end of the light kidney is capped 
by the light suprarenal gland and the liver, and that of the left kidney by the left 
gland and the spleen. The lower ends of the kidneys are generally smaller than 
the upper. They reach on an average to within about 3 cm. to 5 cm. of the iliac 



crest. The lateral border of the right kidney is co7ered in about its upper two-thirds 
by the livei, and the left kidney in its upper half or more by the spleen. The 
ascending colon on the right side and the splenic flexure and descending colon on 
the left are found at the lower and outer parts of the right and left Mdneys respec- 
tively. The median border presents about its middle third a vertical fissure termed 
the hitum, bounded by anterior and posterior lipa and serving for the passage of the 
blood-vessels, lymphatics, nerves, and excretory duct of the kidney. The direction 



Swmoira THBOnaH vh> tbdhe or is umuv luu. Ooe-hali utaral ina. (J. STmiuglon.) 
J.T., i~E.> right uid left kidnsys ; K.9.. enter bonier of smtor ipiUB mniulB ; <).[., ooter bodar of 
qnailrfttiu Inmbmun mosole ; LO., ili>o crest ; p.p., dotted line to show lower limit of ooatal pletm. 

of the hilum variee considerably in different subjects, and even on the two sides 
in the same individual ; but, as a rule, it looks more forwards than towards the 
middle line, and not infrequently the posterior lip reaches as far forwards as 
the anterior one. 

D. J. Cunningham ' has shown that the kidneys, when hardened in situ, present 
facets corresponding to the viscera with which they are in contact, and the posterior 
surfaces also have slight depressions opposite the last rib, and the transverse 
processes of the upper two lumbar vertebrce. 
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and itaexpsoded cranial eudorrea^ pelvis aoqnirea its definite feUJ position, oppOBitethe second 
Inmbarvflrtebra, in embryos 9'6 mm. to 13 mm. in length. The kidney, vhich is formed from ont- 
growtha of electing- tubules from the renaJ pelvis and from the surroiinding metst- nephrogenetio 
tisrae, oorrespoads in the first half of fetal life to the npper tjiree lambar Tertebrs ; irhile in the 



FW. 193.— HORIZONTIL SW7TION OF THS IBDOUIIl OF A MAS, AOID Flttl TBARS, MIDI *T TO* L¥TIL 

or TBI nai iktwekh thi »iooiid and thibd lcmbib tibtbbbi (P. T. Oymble.) 
Tho [ight kidney ii divided opp«it<i itc hilmn ; Uie left, below its hUnm. 
For other hCTizonti] aectiana tlirough the kidney*, aee flga. 80. Bl, sod 83; and for itgittsl seoticos. figs. ITS, 
IT3, and 174. 

second half, the cranial pole rites to the eleventh rib, and the oandal one to the upper border of 
the fifth lumbar vertebra (W. Felix, in Keibeland Mali's ifanuaf o/Humnn Embryoiogn, voLiL, 
1912). During the first jear after birth, Alglave (' Note snr la situation da rein ohei le jeana 



FlO. IM. — DUOBAU TO ILLCSTKAtl TRB KtUTIOHB or TBS XIDNBVS, AS SKUI rBOH BIfOBa. (J. SymiDgtcti.) 

A, rigit (vfiuy : S, area tor right auimreiu] gUad, non-peritoDeol ; L. am fcr linr, psritoua] ; D. Area 
for Hoond port ai daodeaam, non-peritoneal ; C, Aiea for asoending colon and hepatio flexure of oolon, nan- 
pnitoneal ; J.I.. iiea tor ronvolotioiu at jejuDo-ileani. pcritoneat. B. Ie/1 Udiuy : S, area for left aupmnnal 
gland, nou-peritooeal j St. area lor atomach, peritoneal ; Sp, area (or ipkwn, peritoneal ; C, ana fa- gplenie 
fleiure and deaceoding colon, noo-peritooeal ; J.I., ana (or coniolntioni of jejnno-ilenm, paritoneal ; P, area 
for panoreas. non- peritoneal 

enfant,' BtM. et Mfm. Soe. Anat.. vol. kxxv., Paris. 1910) found the caudal pole of the kidney in 
the iliao fossa in sixteen out of thirty-two cases examined by him ; between the first and 
second years, this pole wss in the iliac fossa in only three out of nine cases, and after the aeoond 
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year it was always above the iliac crest. This change appears to be dae to a more rapid growth of 
the posterior abdominal wall in the lumbar region as compared with that of the kidney, by 
which the space between the last rib and the iliac crest is considerably increased. 

The kidney andergoes two rotations round its long axis during its growth. The renal pelvis 
and coUeoting-tubules are at first dorsal to the ureter, but they soon change so as to occupy a 
position lateral to the ureter. Subsequently, there is a rotation in the opposite direction — ^usually 
of about 45" — so that the hilum looks obliquely foiwards and inwardff! 

Size and welirlit. — The kidneys measure about 11 cm. to 12 cm. in length, 
6 cm. in breadth, and 3 cm. to 4 cm. in thickness. The left is usually longer and 
narrower and a little heavier than the right. The weight of the kidney is usually 
stated to be about 120 grms. to 140 grms. in the male, and somewhat less in the 
female. Vierordt gives 277 grms. as the weight of the two kidneys together in the 
male. The specific gravity is about 1*050. 

Varieties. — ^The kidneys sometimes vary from their normal form, being either longer and 
narrower, or shorter and more rounded. The characteristic fetal lobulation may persist in the 
adult. Occasionally, one kidney is very small, while the other is proportionately enlarged. 
Numerous cases are recorded of absence of one kidney — most frequently the left. The single 
kidney is usually enlarged, but not invariably. The occurrence of an additional kidney is rare. 
A. F. Dixon (* Supernumerary Kidney: the Occurrence of Three Kidneys in an Adult Male 
Subject,' Jew, AncU. and Phya,, vol. xlv., January 1911) has collected records of ten cases, several 
of which were observed by surgeons during abdominal operations. In Dixon's case, the right 
kidney was normal, but on the left side there were two kidneys — upper and lower — separated 
from one another by a distance of 2*8 cm. The ureter from the upper kidney was joined by 
that from the lower, so that there were only two ureteric openings into the bladder. W. M. 
MiUs has recently described another case in the same Journal (vol. xlvi., April 1912). In this 
specimen also, the additional kidney was on the left side. 

Instances are now and then met with in which the two kidneys are joined by their lower 
ends across the front of the great blood-vessels and vertebral column. The conjunct organ 
has usually the form of a horseshoe, with the convexity downwards. It is due to a fusion of 
the caudal ends of the two kidneys. 

Sometimes two united kidneys are situated on one or other side of the vertebral column 
in the lumbar region, or — but much more rarely — ^in the cavity of the pelvis. 

The kidney may be movable^ owing to the laxity of its areolar and adipose capsule, or, in rare 
cases, floating, when it has a more or less distinct meso-nephrcm, and the peritoneum moves with 
the organ. These conditions occur much more frequently in connexion with the right than 
with the left kidney (see W. Aibuthnot Lane, * Floating Kidney,' Jour. AnaL and Phys,, voL xx., 
April 1886). 

Stmoture. — The kidney is surrounded by a proper fibrous coat, tm&ioa 
fibrosa, which forms a thin, smooth, but firm investment, closely covering the 
organ. It consists of dense areolar tissue, with numerous fine elastic fibres, and 
can easily be detached from the substance of the gland, to which it adheres by 
minute processes of connective tissue and vessels. Underneath the fibrous tunic 
in the human kidney is an incomplete layer of plain muscular fibres. 

Outside the tunica fibrosa is a quantity of loose fatty tissue {capsula adiposa). 
The amount of this tissue varies considerably. It is best developed on the posterior 
surface of the kidney, at the hilum and the lower pole, while on the anterior surface 
it is often absent. It is continuous above with the adipose tissue round the 
suprarenal gland. External to the capsula adiposa is a layer of fibrous tissue 
{fascia renalis of Gerota).i This fascia is continuous, laterally, with that lining the 
transversalis muscle, and at the lateral border of the kidney it splits into two layers, 
one passing in front and the other behind the kidney. The anterior layer is con- 
tinued forwards in front of the renal vessels, the aorta, and the inferior vena cava, 
to unite with the layer of the opposite side, while the posterior layer is connected 
with the fascia on the quadratus lumborum and psoas muscles, and may some- 
times be traced to the front of the bodies of the vertebrse. The two layers also 

1 ' Beitrage znr Kenntnis des Befestiguiigsapparates der Niere,* Arch. /. Anal., 1895. 

p2 
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enclofie the supra-renal gland, and, uniting above this organ, blend with the fascia 
on the under-aurface of the diaphragm. Below the kidney, the union of the two 
layers is not usually distinct, but they are gradually lost in the fascia of the iliac 
fossa. The kidneys move up and down during respiration, but excessive movement 
is checked by the surrounding fascite, the renal btood-vessels, and the tonicity of 
the muscular wall of the abdomen. 

On spUtting open the kidney by a longitudinal section, from its lateral to its 
median border, the fissure named the hilum (fig. 195, A, h) b found to extend some 
distance into the interior of the organ, forming s cavity called the sinus of the 
kidney (s). This is enclosed on all sides, es^pt 
at the bilum, by the solid sul»tance of the organ, 
and is lined by an inward prolongation of the 
fibions coat. The sinus contains the calyces 
and the upper part of the pelvis of the uiet«i, 
branches of the renal blood-vessels, lymphatics, 
nerves, and fat. The solid part consists of 
cortical and meduttary substances ; the latter 
being arranged in conical masses named 
jn/ramides retwle* [Malpighii], with their broad 
bases {b, b] directed towards the surface, and 
their points towards the sinus, where they form 
prominent papilla renales. The pyramids are 
embedded in the cortical substance, which 
separates them from the surface of the kidney, 
and to a greater ot less extent from each other. 
The papillie, from seven to twelve in nnmber, 
project into the calyces minores of the ureter. 
Some of these papilla may correspond to a 
sin^e pyramid, but as a rule they represent the 
fusion of the apical portions of two or more 
adjacent pyramids. 

The external or cortical substance (a) is 

utuated immediately within the fibrous tunic, 

i«row put rf two (jn^ forms the superficial part of the organ 



FtO. ie6.-PLAK I 



put oi two of the pyramid* of MiJpighi , 
e. c, tlio divinoDi of the polvia, turned' 
Rftlycflo, Uid op«n i c', one of tljMe na- 
apeoad ; d, d, nunmit of tbs pyrunidg or 
pspillB projecting into oalyoei. 



j^nnudfl Deu ' 
enlugsd poriio 
tbe kidney ; «, 
of tbe kkduey i h, tbe hilum 



1 tbe ureter within throughout Its whole extent to the depth of 
about 4 ram., and, moreover, sends prolonga- 
tions inwards {columntB renales [Bertdni]) 
between the pyramids. It is of a nearly 
uniform tight ciimson-brown colour, is soft, and easily lacerated in directions 
vertical to the surface, and is composed mainly of convoluted renal tubules. 
The medullary portion of the kidney is more dense than the cortical, and is 
distinctly striated, owing to its bundles of straight and nearly parallel tubules. 
The bundles are separated from one another towards the outer part of the 
pyramids by biood- vessels, and they penetrate for a certain distance into the 
cortex, forming its pars radiata or the medullary rays. Towards the papillae, 
the pyramids are of a lighter colour than the cortical substance, but at 
their bases they are usually purplish and darker. 

In some mammaU, e.g., the rabbit (Gg.l9fl), tbo liidney conaista of a single pframid, inreatod, 
except at its papilla, by cortical BubBtance. Usually, however, the kidney coDtsinl a nnmber 
ot pyramids, each of which with its investing cortical BubBtance fonnB a renculuB. The 
number of renculi and the extent of their fusion vary greatly in different animals. The Bnely 
lobulated kidney of the Cetacea is an extreme illustration of tbe non-fuBion of numerous 
renculi. Id the human subject, the surface of the fetal kidney is more or lesB bbuUlcd, but 
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the sb&llow furrows aopocating ths lobules tend, as age odTiiDces, to become filled up and the 
Hurface to pieaent a smooth sppeutmce. 

It is often assumed that in man the number of papilbe projecting into the calyces minoraB 
represents approximately the number uf pyramids, but according to R. Maresch ('Uober die 
Zahl iind Anordnung derMalpighi'schenPyramiden in der menschlichen Nieien,* Anal, Anztig., 
Bd. xii., August ISOd), this is far from being the case. Thus in the right kidney of a man 
thirty-nine years old, there were eight papiUn and thirty-five pyramids, and on the left side lune 
papilLe and thirty-eight pyramids. It is especially towards the poles of the kidneys that the 
pyramids exhibit a marked tendency to fuse into » single papilla. In each of the kidneys just 



RABBIT. (ToUL) 

a, Halpighian bodies ; b, fint coavolnted tabule ; c, d, looped tubule of 
/, coUeoting-tubole ; ff, pLmced between two tubules forraed by tbe unic 
which opeD ftt foruuijis papillajia oa tlic Buiiac« ol tbe pyrsmidal papiuA. 

mentioned, nine pyramids, situated at the upper end, ended in one papilla. It is obvious that 
many of the uolumns of Bertini are of a secondary or rudimentary type, and only separate 
adjacent pyramids at their base. 

The proper substance of the kidney consiats of long hut very small branching 
tubules (bibuli renales), which commence as dilated and invaginated capsules cover- 
ing capillary tufts of blood-vessels (^iotneruH). The capsules and glonseruli form tbe 
corpaacul(B renis [Malpighii], which lie in the cortex of the kidney. After a com- 
plicated course, the renal tubules terminate by opening on the free surface of the 
papiUee of the pyramids. On squeezing a fresh kidney which has been slit open, a 
little urine will be seen to drain from the papillse by the fine orifices of the collecting 
minary tubules into the terminal divisions of the ureter. About twenty to thirty 
of these orifices are present on the papillary surface of each pyramid of the adult 
kidney. 

Blood-Teasels.— The kidneys are highly vascular, and receive theii blood from 
the renal arteries, which are very large in proportion to the size of the organs they 
supply. Each renal artery divides into four or five branches, which, passing in at 
the hilum, between the vein and ureter, may be traced into the sinus of the kidney, 
where they lie amongst the calyces, together with which they are usually embedded 
in a quantity of fat. Penetrating the substance of the organ between the papillee, 
the arterial branches enter the cortical substance which intervenes between the 
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p3'Tamid8, and proceed in tkis, accompanied by a sheathing of areolar tissue, and 
dividing and subdividing, to reach the bases of the pTramids, where they form 
arterial arches between the cortical and medullary paita, which, however, are not 
complete, and in this respect 
— differ from the freely anasto- 

mosing venous arches which 
accompany them. From the 
arches, peripheral branches 
{arteria inlerlobularet (fig. 199. 
ai) ) are given off, which pass 
outwards between the medul- 
lary rays and amongst the con- 
voluted tubules, pursuing a 
nearly straight course towards 
the surface of the organ. As 
they proceed, they give oft at 
intervals short and usually 
curved branches (arlerite glome- 
rulorum), which proceed without 
further division to the dilated 
ends of the renal tubules. Within 
the capsule, the small artery 
{vas adferens) breaks up into 
a larger number of capillary 
vessels, which have a convoluted 
arrangement, and are closely 
held together by connective 
tissue to form a spheroidal 
vascular tuft called the rjlome- 
ndus. A vein (vas effrrena\, 
smaller than the artery, emerges 
from the glomerulus close to 
the point where the artery 
enters ; but, instead of joining 
with other small veins to form 
larger venous trunks, as is the 
casein other organs, the efferent 
vessel divides into branches 
after the manner of an artery, 
and from these arises a dense 
network of capillanes which 
everywhere ramify over the 
walls of the uriniferoue tubules 
(fig. 199), the meshes of the net- 
work being polygonal amongst 
the convoluted tubules and 
elongated amongst the tubules 
of the medullary rays. But the 
efferent vessels from the lowermost glomeruli break up wholly into pencils of 
straight vessels {pseud-artericB recla) (fig. 199, w), which pass directly into the 
boundary layer of the medulla, and there supply the continuation downwards of 
the medullary rays into the pyramid. 
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TDBtTLES. (Klein.) 

A, cortfx ; B. booodiry, zckw C, papiUary tone of the 
medulU ; a. o'. BupeiticUl and doep laycn of oort*!. free from 
glomenili. 

1. corpuHuUe renia tMitlpighii| ; 2, neok of tnbule; 3, 
fir»t coOToluted tuhule ; i, firet epirsl tubule ; 6, descending 
f«rt of the looped tubule of Henlo ; B, loop o( Henle ; 7, 8. 
and 9. ucending part of looped tubule of Henle; 10, ligzag 
tubule ; 1 1. second convoluted tubule ; 12, junctional tubule ; 
13, 14. in. straight or collecting- tubulce i several colleoting- 
tubules unilo to fon — ■■-'— i- -i^-i. ._ .... _ •" 






The reoal luteriea gire bnncbea likewiae to the oaprole of the kidney, vhioh ftUMtomose 
with bnmohea of the lumbar arteries, and that so freely that Ludwig wa« able partiall; to inject 
the kidneys of a dog from the aorta after the reoal arteries had been tied. 

The blood is conveyed from the cortex of the kidney by veins (pctke interlobularet), 
which accompany the interlobulai arteries, and join the convex side of the venous 
arches which lie between the medulla and cortex, and also by veins which lie close 
beneath the capsule of the organ, 
and take origin by the convergence 

of minute venous radicles, so as to It 

present a stellate appearance {vena 
stelltila). These vesBelfi, which receive 
blood from the capsule of the kidney, 
pass inwards through the cortex and 
also join the venous arches. ' 

With the exception of the blood 
brought by the false arteriee rectee, 
the blood-supply of the medulla is 
to a great extent independent 
of that of the cortex, although of 
course the capillary network is con- 
tinuous throughout. The pyramids 
are chiefly provided with blood by 
braaches which come ofi directly from 
the concave side of the arterial 
arches, and passiog down into the 
boundary layer ot the medulla there 
divide to form bunches or pencils 
of parallel or Rightly diverging 
minute vessels {arteriw recU^, fig. 
199, ar), which, by alternating with 
the bundles of urimferous tubules 
which are passing up to the cort^ex * 

to form the medullary rays, produce 
the characteristic streaked appear- 
ance of this part of the pyramid 
(see fig. 198). 

The long-meshed capillary net- 
work which is supplied by the 
arterite rectee is continued down 
to the apex of the papilla. Here 
the veins of the pyramid commence 
in a close plexus of small venous 
radicles surrounding the excretory ducts near their orifices (fig. 199, vp). Passing 
outwards towards the base of the pyramid, and receiving lateral branches at 
acute angles from its capillary network, the same veins become collected together 
into pencils, the vessels of which {vence rectce) are intermixed with the arterire 
rectte, and unite into vessels which open into the concave side of the venous arch. 

The venous trunks thence proceed, in company with the arteries, through the 
renal columns at the sides of the pyramids, to the sinus of the kidney, and around 
the necks of the calyces form a second anastomosis (Max Broedel). Joining 
together, they escape from the hilum, and ultimately form a single vein, which 
bee in front of the artery, and ends in the inferior vena cava. 
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The branches of the renal artery are terminal, while the veins anastomose freely, 

so that if one of the branches of the lenal artery be injected, only the 

area of the kidney supplied by it will be injected, while from one of the 

veins the injection wiU extend throughout the 

whole kidney. 

According to Max Bcoedel (' Intrinmc Blood-Tessela 
of the Kidnoy mod their Significance in Nephrotomy,' 
Proe. Amoc. Ameritan Anaiomitti, 1900), the inlrinaic 
arteries divide in the sinuH into dorsal and ventral 
branches, and the ventral aie distribated to the ventral 
pyramida and the ventral part of the dorsal pyramidB, 
the doTBal branches supplying simply the dorsal halves of 
the dorsal pyramids. The plane between these two 
systems of arteries is directed from the outer part of the 
dorsal sorlace towards the sinus, and it is along this plane 
that the kidney oac be incised vrith the least amount of 
hemonhage. 

Krmpliatio*. — The lymphatics of the kidney 
are numeroua, consisting of a superficial set form- 
ing a plexus in the fibrous tunic, and of deep 
lymphatics which issue from the hilum with the 
blood-vessels. Ludwig and Zawarykin showed that 
there exists a network of freely intercommunicating 
lymphatic spaces between the tubules, in communi- 
cation both with the lymphatics of the surface 
and those which issue with the blood-veasels at the 
hilum. They are most abundant in the cortical 
substance. The lymphatic vessels tenninate in the 
aortic glands. 

Mervea. — The nerves which have been traced 
into the kidneye are small. They come immediately 
from the renal plexus and the leaser splanchnic 
nerves, and contain filaments derived from both 
the sympathetic and cerebro-spinal systems. The 
spinal branches are derived from the tenth, 
eleventh, and twelfth thoracic. The nerves may 
be traced accompanying the arteries as far as their 
finer branches, and some fibrils ramify over and 
amongst the renal tubules, but it is uncert^n 
how they end. 

Pro. i99.-DiAoR*M or TH. ^H^ CALYCES, PELVIS, AND URETER. 

THB UDKir. {From Lnd wig.) mi. . i !.■ i. .i ■ l »i. 

The tubes which convey the unne from the 

(U, », interlobular arteries ; vi, vi, , ■ . ■ t .\. .11 . . 1 

iLteriobuiw Twn.; 3. a giomemiiui termmation of the unnary tubules at the apioes 
t», stelbte vein; or. tr, arteriiB of the renal pyramids to the bladder consist in 
tand^X"Sj''^f^<^''ple™ e^'il' ^^°y °^ ^^^ oftlyoe. renaloB mlnoros 
in tiie papilln. and msjores, the renal pelvla, and the 

ureter. 
The oKljoeB renales mlnores, generally about nine In number, ate expanded 
at their renal ends, where they embrace one or more renal papillie ; while below, they 
join the major calyces, either directly, when they are sessile, or by a short narrow 
stalk. Both of these varieties may be attached to the same major calyx. The 
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great majority of the nunor calyces aie either dorsal or ventTal, and, consequently, 
turn either forwards or backwards to join the major calyces ; but there la often at 
least oae which is directed inwards and lies in a sagittal plane, passing from the 
hilum t6 the outer border of the kidney. The greatest distance between the 
dorsal and ventral calyces nunoree is 11 cm. to 
1'5 cm., and that between the most cranial and 
the most caudal calvx minor is from 5' 5 cm. to 
6-8 cm.» 

The oalycos r«nales msJoreB are usually 
two in number — an upper and a lower. The 
upper is usually the narrower and almost vertical 
in direction, passing downwards and only slightly 
inwards, while the lower is generally shorter and 
thicker than the upper and nearly horizontal in 
direction. 

The p«lvl» r«iialla is formed in the sinus 
of the kidney by the union of the two major 
calyces. It issues from the hilum of the kidney 
behind the renal vesaelE, and, curving inwards and 
downwards, ends at the inner border of the kidney 
about half-way between the hilum and the lower v 

pole of the kidney by becoming continuous with Ym. 200.— c*aT or tki mrKaioB o» 
the ureter. Viewed from the front or behind, it is ™= oiLvoM abd pilvb, and aw 

funnel-shaped, with base above ; or its form may (Hanie.) 

be compared to the bowl of a pipe. When empty, 
its anterior and posterior walls are in contact. 

Vsrletlea ofUie oaJrc«a andpclTla. — The calyueHminoreEiDay Taryin number from niz 
to foortoen, the imnller Dumber indicating that some o! the calyces mmoreB embrace the npioes 
of several pynunids. As Blrendy mentioned, they may be sesaile oi peduiicuUt«ii. The vtu-iations 
in the calyces lUKJures and pelris arc more marked. The calyces majoniB may pass downwanls 
for some distance beyond the hilum, and end by joining to form the ureter without undergoing 
any obvious expansion. In such coses, the pelvis is absent ; or if the calyces dilate below, two 
pelves may be present. On the other hand, the calyces minores may open into a common 
expansion, which ends below in the ureter, so that the calyces majores aie absent (for further 
particulars, consult Hyrtl, Diu Nierenbeeten der Sdvgetiert und da JUeaechen, Wien, ISTO ; 
Lequeo, 'L'anatomiechimrg. du bassinet et reipIorationintemednreiD,' Ann, de Oayoa, 1391 ; 
and E. Hauch, ' Uebor die Anatomie uud Entwickelung der Nieren,' Anal. Heflt, Heft 69, 1903. 

Opnotty orp«lvla aJid Mtlroea. — This can be estimated in the living body by injecting 
fluid into the pelvis through a ureteric catheter until the patient complains of pain. Thomson 
Walker' found the average capacity to be 5 c.c. to 7 c,c, Kerr, from measurements of casts 
of the pelvis and calyces, considers the average to be 8'6 c.c. A capacity of 16 c.c. or upwards 
indicates abnormal dilatation (hydronephrosis). 

The ureter. — ^Towards the lower part of the sinus of the kidney, or a little 
below the sinus, the renal pelvis contracts, either gradually or abruptly, and, 
aesiuning a cylindrical form, receives the name of ureter. This duct conveys 
the mine from the pelvis to the bladder. 

DlnaenftionB. — The ureter measures, on an average, in an adult male about 
30 cm. (12 LDches). It is about 2 cm, to 3 cm. shorter in the female, and the left 
ureter is generally 1 cm. to 2 cm. longer than the right. They are extensile, so 
that after removal from the body they can easily be stretched 2 cm. to 3 cm. When 

I R. A. Kerr. ' The Farm sad Capodtj of the Adult Renal Felvii,' Train. Uiila Midiad Sodtlg, 
Shsjou 1S12-13. 

> ' Pyiiognpbj and the Early Diagnosii of DUstian of the Kidney,' Lanctt, June 17, 1911. 
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examined in situ, the ureter uauftUy appears as a flattened tube, but it may be round 
—probably as the result of a contracted condition of the muacular coat. According 
to the researches of G. Schwalbe,' based upon injections, the abdominal part of the 
ureter forms a loi^ spindle, the middle of which may have double the diameter 
(8 mm.) of the two ends. After crossing the pelvic brim, the ureter has one or 
two dilatations, but as a rule they are not so marked as the one in the abdomen. 
Bougies of about 2 mm. in diameter are usually employed in its caUieterisation. 
The narrowest part of the ureter, except its vesical orifice, is that contained in 
the walls of the bladder. 

Oonrse and relatlona. — The ureter descends on the posterior wall of the 
abdomen, and then crosses the iliac vessels to reach the pelvis, in which it at first 
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WhoTB the uTBten tn caaoetifA in a view [ram the front by the Uiao vesseb 4iid ths •otsrioc pdric mil 
tb«ir coum is indicated by dotted linea. 

lies against the lateral wall, and then curves forwards and inwards to the bladder. 
In nearly the whole of its course, it lies just beneath the peritoneum, to which it is 
united by areolar tissue ; so that when the peritoneum is stripped ofi the posterior 
abdominal wall, the ureter comes away with the peritoneum. It may be divided 
into an abdominal and a pelvic portion. The abdominal part passes downwards 
and somewhat inwards on the psoas muscle, and is crossed obliquely, from without 
inwards, by the spermatic or ovarian vessels, while the genito -femoral nerve is 
behind it. The right ureter, at its origin, is behind the duodenum, and, as it descends, 
it approaches the inferior vena cava and sometimes gets in front of it. The left 
ureter lies a little to the left of the abdominal aorta, and is crossed by the left colic 
and sigmoid branches of the inferior mesenteric artery. The ureter leaves the 

1 ' Zur Anatomic der UretcreD,' Verh. i. Anat. OatUteSafl, 1896. 
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psoas muscle by passing from without inwards over the lower end o£ the common 
iliac veaaela or the upper end of the external iliacs. Near the brim ot the pelvis, 
the right ureter may be crossed by the termination of the ileum, and the left by the 
pelvic colon. In the pelvis, the relations of the ureter differ according to the sex. 

In the mate, the ureter descends on the side wall of the pelvis, covered on its 
median aspect by the peritoneum, and having lateral to it the hypogastric blood- 
vessels. Its course is a curved one, being first directed downwards and backwards, 
and then forwards and downwards. This part of the ureter is about 10 cm. to 
12 cm. in length, and may be termed parietal. As it approaches the bladder it is 
crossed by the ductus deferens, and then goes onwards as the vesical portion, which 
is diviable into an extra-mural and an intra-mural part. The arira-mural part lies 
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DuHus df/ertTtg 
Plica VTtttrica 
Foata rttroureltrica 
Fia. 20!. — Viiw or thz ixtra.uitkal and dtbi-mdiui. fobtiohs oe the vesical fast or rax cbeter. 
Natural size. (J. Symington.} 

above the seminal vesicle, and is closely related to the vesical plexus of veins, which 
vessels are situated mainly above and lateral to it. After a. course of one or two 
centimetres, it passes obliquely through the bladder wall as the intra-mural part 
(see fig. 202), and terminates at the orificium ureleris. 

In the female, the pelvic portion of the ureter may be divided into parietal and 
visceral. The parietal portion resembles that of the male in its general course 
and in its relations to the peritoneum, but it usually forms the posterior and lower 
boundary of a foasa for the ovary (see fig. 110). The visceral portion is longer 
than in the male, and lies in relation to the uterus and vagina as well as the bladder. 
It begins a little in front of the lower boundary of the ovarian foasa, and at the base 
of the broad ligament passes forwards and downwards, lateral to the supia-vaginal 
part of the cervix uteri. The uterine artery, surrounded by a plexus of veins, 
turns inwards at this level, above the ureter, to reach the cervix. The ureter is 
about 15 mm. lateral to the cervix, but the distance may be increased or diminished 
by lateral displacement of the uterus. The meter next passes near the lateral 
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foimx of the vagina to gain the interval between the vagina and bladder. It reacbea 
the anterior va^al wall about the level of the lower edge of the anterior lip of the 
OS uteri and ends, as in the male, by piercing obliquely the wall of the bladder. 



Fw. S03 Sbctioh tctaait rai utfib i 
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Structure. — The walls of the calyces, pelvia, and ureter consist of an external 
gbrous ooat, a middle coat of plain muscular tissue, and a mucous lining. The 



Fm, 304. — SKuaUK taken puKma urt of left benal riLvla a^d abdoiiinal aBanxT of ckkteb. 
(J. W. TbomHU Walker.} 
An opaque catheter lies in Ukii nnster. utd the reuAl peliu imd calyces an filled witb coUaigol solatica. 
The colkrgd aolution is cammeDcing to distend the ureter and has reached down to the level of the tlurd 
lumbar Tertebra. The line of the iii«ter ii seen passing straight iat« that of the pelvis, atMi by a genlie cum, 
into the opper calyx major, also the vide angle fcnned by the lower cslyi major and the pelvil. 

muscular coat possessea two layers of longitudinal fibres and a middle circular layer. 

The mucous membrane, thin and smooth, presents a few lon^tudinal folds when 

the ureter is laid open. There is no marked distinction between the mucous and 
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submucous layers. As the ureter traverses the bladder wall, it retains its indepen- 
dence, and is separated from the muscular coat of the bladder by a layer of 
connective tissue. Just outside the bladder, the ureter is ensheathed by a mass of 
longitudinal muscidar fibres forming the ureter-sheath of Waldeyer. 

Blood-vessels, lymphatics, and nerves. — The ureter is supplied with 
blood from small branches of the renaly the sfermatic, the hypogastric^ and the in- 
ferior vesical arteries. The veins end in various neighbouring vessels. The lymphatic 
vessels form a network in the mucous, submucous, muscular, and fibrous coats, and 
the afferent vessels end in bhe aortic, inter-iliac, and hypogastric glands. The 
nerves come from the inferior mesenteric, spermatic^ and hypogaMric plexuses. They 
form plexuses in the outer and muscular coats, containing a few ganglion-cells. 

Varieties. — ^The variations in the calyces and pelvis have already been mentioned. The 
principal variation in the ureter is a more or less complete division into two. As a rule, the 
two ureters unite a little above the bladder, so that there is only one vesical orifice ; but the 
division may be complete, i.e. with two separate openings into the bladder. A. T. Kerr {* Double 
Ureter in Man,' Anat. Record^ vol. v., 1911) has described five cases of this kind. 

In rare cases, a triple ureter has been met with. Several instances are recorded in which a 
supernumerary ureter, proceeding from the upper part of the kidney, opened directly into the 
urethra. 

The right ureter has been seen passing behind the inferior vena cava, and then turning 
forwards between that vessel and the aorta (Hochstetter, Morph. Jahrb., Bd. xxi, s. 636 ; and 
Gladstone, Jour, Anat and Phys., vol. xlv., April 1911). 

In instances of long-continued obstruction to the passage of the urine, the ureters may 
become enormously dilated. 



VESICA URINARIA. 

The urinary bladder (vesica urinaria) is a hollow receptacle for the urine, having 
an average capacity, when moderately filled, of about 500 c.c, but capable 
of being distended to a considerably greater degree. It receives the urine by the 
two ureters, and discharges it through the urethra. 

The average capacity of the bladder is often stated to 
be greater in the female than in the male — and, no doubt, 
instances of very large female bladders are not infrequent ; 
but these have probably been the result of unusual disten- 
sion : in the natural condition, according to Luschka and 
Henle, the female bladder is decidedly smaller than that of 
the male. 

The shape, position, and size of the bladder, 
and its relations to neighbouring parts, vary 
according to the degree of distension of its cavity; 
and also, when empty, according to the condition 
of its muscular coat, whether contracted or 
relaxed. When empty and relaxed (in diastole), it 
lies deeply in the pelvis ; and in a vertical median 
section its cavity, with that of the adjacent portion 
of the urethra, is Y-shaped, the stem of the Y 
being formed by the urethra, and its two limbs by 
the bladder. Of the two limbs, the anterior is the 
longer, and is directed upwards and forwards ; while 
the shorter posterior limb passes backwards and 
upwards. The superior surface of this type of 




Flo. 205. — DiAOBAH OF MEDIAN 
SECTION OF EMPTY DIASTOLIC 
BLADDBB AND ADJACENT PABT 

OF UBETHRA. (J. Symington.) 

A, anterior limb of bladder; P, 
its posterior limb ; U, urethra. The 
dotted lines show the changes in 
the shape of the bladder during its 
distension. 

On the other hand, when 



bladder is concave, and covered by peritoneum. 

the bladder is empty and contracted — as it is frequently found to be in formol- 

hardened subjects — the two limbs of its cavity are much shortened, its mucous 
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membrane is thrown into numeioua folds, its muscular coat is greatly thickened, 
and it« superior aspect is convex. 

The bUdder then forms a flattened inverted tetrahedron^ — this shape being 
due to the fact that the four points where the two ureters, the urachus, and the 
urethra join the organ are more firmly fixed in position than other p&rtfl of the 
bladder wall. As the organ contracts upon itself during micturition, these four 
points are more or less held apart, and so become the four angles of a tetrahedron. 
The surfaces of the bladder are superior, basal, and two infero -lateral. The 



Pio. SOe. — LiTKSU, vow or THi viscEHA OF TUB lULE FELvis. OiM-laatth uatiml HIS. [R. Qdmil) 

The left hip-bone hafl been diswiiCaUled from the BAcnim, the apiaoiu [hvcbh ot the leohium cnt through, 
aDd th« pubifl divided to the teft of the lymphyiis. a. bladder i A, h', nctuin ; c, membruioiii pert d the 
nrethrm ; d, nctioo of the left corpoi caTenoeum ; c. bulb of the ceTemooB bodj of the nrethn i /. Cowper't 
gleud ; Q, sectioD of the body of the pubii ; h, aphiucter uii muiole ; t, pert of the left duotui defereni ; ih, 
■Jtieuler turfeoe of the tnonim ; n, divided epioe of the iichium ^ o, coccyx; f^ prostate glud ; r, r, peritoDeDin ; 
f*. recto- veaical poach ; u, left ureter ; c, left Tedcule leiTiiinlii. 

superior eur/ace is triai^^ular, convex, and covered by peritoneum. It ib bounded 
by two rounded lateral borders, which converge anteriorly towards the apex of the 
bladder, and by a posterior border separating it from the base. Some convolu- 
tions of the iejuno-ileum, and often also the pelvic colon, rest upon this surface, and, 
in the female, the body of the uterus overlaps it posteriorly. The hatal surface is 
triangular, with its apex towards the urethral orifice. In the mole it is separated 
from the rectum by the seminal vesiclesand the ampullary portions of the ductus 
deferentea, and in the female it lies against the cervix uteri and the upper part of the 
anterior vaginal wall. The infero-lateral surface* are directed towards the pelvic 
floor, and look downwards and outwards. They ai« separated from one another 
by a median ridge passing from the apex of the bladder towards the urethral orifice. 
They rest upon the pubes, the retro-pubic pad of fat, and the pelvic fascia, 
separating them from the levatores ani. Around the urethral orifice, the male 
bladder reste upon the prostate gland. 

As the empty bladder is gradually filled with urine, it expands — chiefly in an 
upward direction ; but it also bulges outwards towards the side wall of the pelvis, 

I A. F. DiiOD, 'Tbe onn of the Empty Bladder.' Jour. ^Mt and PAyi., tdI. xiiiT.,jMiaar; KKKk 
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backwards towards the rectum, and, to a leea extent, downwards, by depreBsiog 
the pelvic floor. 

When moderately filled, it is still contained within the pelvic cavity, and has 
a rounded form {fig. 206, a) ; but when completely distended, it rises above the 
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brim of the pelvis, and becomes egg-shaped : its larger end, which is called the 
base, Qifundtia, being directed downwards and backwards towards the rectum in 
the male and the vagina in the female ; and its smaller end, or vertex, resting against 
the lower part of the anterior wall of the abdomen. Immediately in front of 
the base, is the portion which joins the urethra, and is often named the cervix 
or neck. When the bladder is excessively distended (fig. 208), it may rise into 
the abdomen nearly as high as the umbilicus, and it also sinks somewhat in the pelvis, 
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pushing the prostate and lower end of the rectum downwards and backwards. The 
long axis of the distended bladder vaiies in different cases, being modified by the 
degree of distension of the bladder itself, as well as that of the rectum and other 
portions of the intestine that may be in relation with it. In a section of Braune's 
(see fig. 207), in which the bladder was moderately distended, it is almost hori- 
zontal, while in one by Riidinger (see fig. 208), in which the bladder was greatly 
distended, it is rather more nearly 
vertical than horizontal. While in 
the male, the longest diameter of 
the moderately distended bladder is 
directed from its base to its Bummit, 
in the female the transverse diameter 
is the longest. 

One of the most fixed points of 
the bladder is its urethral orifice. 
This lies a little below (say, on an 
average, 5 mm.) the level of a hori- 
zontal line, prolonged backwards 
from the upper border of the pubic 
symphysis, and is about 6 cm. 
behind the upper end of the long 
axis of the |)ubic symphysis. It can 
therefore be easily reached with the 
index-finger, after cutting through the 
anterior abdominal and bladder walls. 
Diase > gives its average distance 
from the conjugate of the pelvic 
inlet as about 5 cm. in the male, 
and 6 cm. in the female. The orifice 
is pushed upwards and forwards by 
distension of the lower end of the 
rectum, ^ is depressed during the filUng 
of the bladder, and is probably higher 
in stout than in thin subjects.' The 
distance of the bladder from the 
surface of the perineum largely 
depends on the size of the prostate 
gland, and especially on the thickness of the pelvic floor (see figs. 209 and 210). 

IJahtenbeTg and Voloker (' Die Form der meiiBohlicheD Blftae, ' Verh. derAnat. Ottdl. Oenf., IM6) 
filled the bladder domg UJe with t, 2 per cent, solution of coUargol, and took Bkisgnma from 
the front. They fomtd that in the coronal plane, the brood end of the bladder was directed 
upwards and the narrow one downirarda into the pelvis. 

Connexions. — While freely movable in other directions, the bladder is fixed 
below to the prostate, its mucous and muscular coats being here continuous witii 
those of the prostatic portion of the urethra, while the fibrous investments of the 
bladder and prostate are attached to the anterior and lateral walls of the pelvis by 

the true ligaments of the bladder. 

< ' Untoranahmigeu ueber die I^ge der measchlicheD Bunbtuo und Urn VeriadeningeD im Laak d» 
Woflhitama.' Atiat. Hiflt. Heft L. 1892. 

' Ginon, ' Dia Dulocation dri Hamblue und d« Peritoneam bei Atudebnong dss RMtnm,' An*. 

'' a «:'_.?__, — 11 *i i — . — * .1,* Ti^i«-.. ir:o«» -«j *h„ T^i...-- pt.v^* {|] Two Adult Mole fiabiectfl»* 
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It ie supported, moreover, by strong areolar connexions with the rectum and 
prostate, or uterus and va^na (accoiding to the sex), in a slighter degree by the 
two ureters, the lateral umbilical ligaments, the urachus, and by numerous 
blood-vessels, and, lastly, by a partial covering of the peritoneum, which, in being 
reflected from this organ in different directions, forms dupUcatures, named the 
falte ligameitte of the bladder. 
As the empty bladder becomes 
filled, its Inforo-lateral aur- 
fitosB extend upwards on the 
anterior wall of the pelvis, 
and then on to the lower part 
of the anterior abdominal wall. 
This movement is facilitated by 
the looseness of the areolar 
tiasue found superficial to this 
aspect of the bladder. The 
space occupied by this tissue 
is sometimes termed the cavum 
prmvesicale, or cavum Retzii. 

As, during distension, the 
bladder rises more rapidly than 
the peritoneum is detached 
from the back of the pubes 
and the anterior abdominal 
wall, a peritoneal pouch, grad- 
ually increasing in depth, is 
formed in front of the upper 
part of the bladder. It is 
generally estimated that, even 
in extreme distension, the 
bladder is seldom uncovered 
by peritoneum for more than 
5 cm. above the pubic sym- 
physis. 

The >np«rlor or abdom- 
inal aurfooA is entirely free, 
and covered everywhere by the 
peritoneum. When the bladder 
is empty, this surface looks 
mainly upwards ; hut 
becomes filled, it tends to be 
directed backwards, and in the 
male the small intestines and 
pelvic colon may be pushed out 
of the pelvis and the bladder 
brought into contact with the rectum, while in the female the uterus is moved 
backwards. 

The lateral bord»ra of the bladder become obliterated during the distension 
of the bUdder, so that the organ when viewed from the side presents a large convex 
surface, the upper and posterior part of which is covered by peritoneum, and the 
lower and anterior uncovered. The ligamentum umbilicale laterale lies some 
distance lateral to the empty bladder, but, in its distended condition, the ligament 

VOL. 11. PART n. Q 
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is found paasiug upwards and forwards, in contact with it, near the line of inflexion 
of the peritoneum. The ductus deferens crossea obliquely the hinder part of this 
lateral surface, from before backwards and downwards, and, turning over the 
lateral umbilical ligament, descends median to the ureter, ou the base of the 
bladder. 



Fn>. SIO. — Mbdum SKTion or the felvh or a R:t'niBR stodt ms, aokd roBrr Tsm. wtrs shuxov 

RKOTO-TEBICU. n>IICH, BIDtl BUDDER. tHD DEET FELV[C rLOOE. Both thu Mill fig. 21 1 U« ndocnl 

to Daulj ooe-hAlf UAtural m& (J. Symingtoo.) 

In the male, the base of the bladder is usually covered by peritoneum as far down 
as the transverse line, uniting the two ureters, where they pierce the bladder wall. 
Above this point, the peritoneum forma on the empty bladder a crescentic fold, 
called sacTo-geniud, and the peritoneal recess below this fold is the recto-genital 
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poach (see fig. 231). Other tranflverse peritoneal folds are often seen on the 
upper aspect of the empty bladder, but these, as well aa the recto-genital, are 
obUteiated by distension of the bladder. The peritoneal recess between the 
rectum and the bladder may be abnormally deep (fig. 211). 
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In the female, the peritoneum is reflected from the uterus on to the bladder at 
thejunctionofthe body and cervix of the uterus, so that the surface of the bladder, 
in relation to the cervix of the uterus and the upper part of the vagina- '" 
uncovered by peritoneum {fig. 259). 

The vertex Is connected to the anterior abdominal wall by a tapering median 
coid, named the umehus ; this is composed of fibrous tissue, mixed at its base with 
plain muscular fibres, which aie prolonged upon it from the bladder. This cord, 

« 2 
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becoming nairower ae it ascends, paesea upwards from the apex of the bl&dder 
between tlie linea alba andtheperitoneum.toieach the umbilicus, where it becomes 
blended with the dense fibions tissue found in that situation. 

The virachue, wliich lornw in the early fetal state a tubaUr conneiion between the nrioar; 
bladder arid the oUantois, preaerveH — according to Luschka — veetiges of its original condition 
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in the form of a long interrapted cavity, with irregularitieB and ^Ulatationa, lined with epitbelinm 
Hiniilar to that of the bladder, and sometimea communicating by a tine opening with the reaical 

Interior of the bladder. — On opening the bladder, its internal surface is 
found io be lined by a mucous membrane, which is comparatively loosely attached 
to the other coats, so that in the empty condition of the organ it is nearly 
everywhere thrown into small wrinkles or rugte, which disappear as soon as the 
bladder is distended. Besides these, the interior of the bladder is often 
marked by reticular elevations or ridges, corresponding to fasciculi of the 
muscuJar coat. 

At the lower part of the bladder (6g. 212) is seen the orifice leading into the 
urethra, around which the mucous membrane is corrugated longitudinally. Im- 
mediately behind the urethral opening, at the lower part of the fundus, is a triangular 
surface, having its apex directed forwards, and known as the trigonum vesica. The 
basal angles of this area correspond to the orifices of the ureters, which are oval slits 
directed forwards and inwards and admitting a catheter about 2 nun. in diameter. 
These orifices are united by a curved elevation, convex in front, which genenilly 
extends outwards and backwards beyond them, and is known as the ^tca ureterioa, 
or Mercier's bar. The mucous membrane of the trigone is firmly adherent to the 
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subjaceat tissue, and presenta veiy fine folds, which radiate outwards and backwards 
from the urethral orifice. It is rather darker in colour than the rest of the mucous 
membrane of the bladder. When the bladder is distended, the ureteric orifices are 
3 cm. to 4 cm. apart, and nearly the same distance from the urethral orifice ; but 
when the bladder is contracted, they are nearer one another, and the area of the 
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FXb., body oC Ofth lunbu vertobn ; F.(.K, body of Sfth a*ORil veitebrit; ^y.. pubio ■jniphyiia: Set, 
rectam (dlateiMlad) ; JVi:, peritooeimi { Btpr.. prBTeaical ideft ; Pn\, pUoed juat below median loba olproMkte : 
£/., toogitadiiul miuinlar fibm of notuin ; 1, (ptuDotar ani int. 

trigone is correspondingly diminished. Behind the plica ureteiica is a recess called 
the retro-uretenc fossa. The posterior boundary of the urethral orifice forms a 
small elevation known as the uvula vesicfe. In the female, the trigone rests on the 
anterior vaginal wall ; it is smaU and the uvula indistinct. 

In a small peroentage of ouws, the trigone ts only slightlj evident — evenoo close exMiiinat ton. 
Id other cases, the downirard oonTeiity of Hercier's tur is so Boat« that it reaohes the uvula 
Tesicfe, and the trigone is represented simply by an eminence atthisjunotion (Wiightand Benians, 
'The Anatomy of the Trigonum Vesion,' Brit. Med. Jour., October 15, 1910). 

The trigonal part of the bladder is generally considered to have a different 
developmental origin from the remainder of th6 bladder, being derived from the 
mesoderm or excretory (Wolffian) ducts, while the other part is endodermic and 
cloacat. It is suggested by Wright and Benians that it may be derived from the 
fufflon and opening out of the caudal ends of the two uret«r8. 



■ In nninbsr and poaltlon of turM«rl« ojiaiitiica. — If on cystoscopic examin- 
ation one of the nreteiia openings be absent, it is a strong iodioation that the kidney of that aide 
is ooogenitally absent. The presence of two ureteric oriBces is not a positive proof that both 
kidneys are present, for one of the orificeB may lead into a blind recess, or, as in a spectmeii in 
my department, t»ily one kidney may exiet, with two ureters opening into the bladder, one on 
each side. With tlw cystoscope, the ureteric orifice can be seen to contract every few seconds 
and emit a tiny jet of urine (see J. W. Thomson Walker, Tht Benal Fvnctiim in Urinary 
Surgery, 1908). 
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Ectopia T«stc». — Thie, the most frequent maUoTmation of the bUddei, 
ie chaiacteriBed by an absence of tbe anterior abdominal and bladder waJla, 
between the umbilicuB and the pubes, so that the posterior wall of the 
bladder appears on the surface of the abdomen as a soft, red, moist, mucous area, 
on which can be recognised the two ureteric orifices. It ia often combined with 
epispadias. (For nature of this malformation, consult A. Keith, British Mtd, 
Jour., December 26, 1908.) 

P»culiarltl«s In shape and position aoeordlnr to aro- — In the newly 
born child, the bladder ia much higher than in the adult. Thus, its urethral orifice 
is at the level of the upper border of the pubic symphysis, and the anterior surface 



Fio. -214.— Medun BEcnon of tub pelvis of a xals child, aqkd skvkh uonthb, blu 
DIBTEDDBD WITH DBIHE. NftturaJ Hu. (J. Symiugtoo.) 
p, peritoDenin ^ b.f., paljlc ^mphjua ; B, bladder ; B, r«tum ; b, bulb. Tn Ibia Bpedmen tha dioUnce 
from the umbilicui to the lop oi th« pubia Bjmphjau vu 7 cm., and (ho vertical eitent of tbe bladdti in 



oi the bladder, entirely uncovered by peritoneum, lies against the top of the pubic 
symphysis and the anterior abdominal wall, opposite about tbe lower two-thirds 
of the apace between the pubes and the umbilicus (fig. 213). If the bladder be 
empty, its cavity in a median section shows a long anterior limb passing from the 
urethral orifice upwards and forwards towards the umbilicus ; but there is bo 
indication of a posterior Umb — such as has already been described in the adult. If 
the bladder be distended, it usually has an ovoid form, with the large end of the 
oval directed downwards and backwards. The peritoneum covers the posterior 
surface of the bladder in its entire extent, and is reflected from it on to the 
ambilical arteries at the sides and on to the urachus above. 
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After birth, the bladder rapidly descends into the pelvis and acquires, when 
contracted, a rounded instead of a flattened form. In an infant aged three and 
a half months, in vhich the bladder was contracted, the distance from the 
umbilicus to the upper border of the pubes was 4-8 cm., and the bladder reached 
only 1 cm. above the pubes, or less than one-fouith of the above-mentioned space. 
The bladder was fully distended by about one ounce of urine in the infant aged 
seven months (see &g. 214); but there Is no large fundus as in%. 208, and fully one- 
half of the bladder lies above the plane of the pelvic inlet. The distance between 
the pubes and the umbilicus is 7 cm., and the bladder reaches within 2 cm. of the 
umbilicus. In a boy aged three years 
(see fig. 215), the bladder is contracted 
and lies almost entirely below the 
plane of the pelvic inlet, and the peri- 
toneum is reflected from the anterior 
abdominal wall on to the upper surface 
of the bladder about 1 cm. above the 
symphysis pubis. IoaQotherboy,aged 
five years, in whom the bladder was 
also contracted, the peritoneum passed 
down on the back of the pubic sym- 
physis before being reflected on to the 
bladder. Disse made a series of obser- 
vations on'~'the distance from the 
urethral orifice of the bladder to the 
plane of the pelvic inlet, and he came 
to the conclusion that the bladder 
sinks rapidly during the first two years, 
then slowly, until the commencement 
of the ninth year, when it remains 

stationary until puberty, at which _, „,, „ 

. , ./ , "^ , /' , ., Flo. 21H.— PiBT or i. wiDus sbotioh of thb 

penod it agam slowly descends until felvd or a hali cmui, aoed thbee vuw. 

it gains its adult position. (For further Ksturj aie. 

particulars of the bladder in the child, 
consult Symington, ' The Topographical Anatomy of the Child,' 1887 ; Takahashi, 
'Beitrage zur Kenntniss der Lage der fetalen und Idndlichen Hamblase,' Arck.f.Anat. 
1888 ; Disse, ' Untersuchungen ueber die Lage der menschlichen Hamblase und 
ihre Veranderung im Laufe des Wachstums,' Anat. Hefte, Heft 1, 1892; and 
Birmingham, ' The Shape and Position of the Bladder in the Child,' Jour. Anat. 
and Phys., vol. xxxii., 1898.) 

STRUCrrUKE OF THE BLADDEK. 

The bladder is composed of a aerous, a mwcvlar, a tubmucotts, and a mucous 
coat, and is supplied with numerous blood-vessels and nerves. 

The Berooa or parltan«al coat is a partial covering, investing only the 
posterior and upper half of the bladder, and reflected from it upon the surrounding 
parta in the manner already described in detail. 

The moBonlar ooat consists of unstriped muscular fibres, which are described 
as forming layers, the outer of which consists of bundles of fibres more or less 
longitudinal, and the next of fibres more circular in disposition ; while beneath 
this is a submucous layer. 

The external longitudinal fhres (fig. 216, A, B, C) are most distinctly marked on 
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(AUea Tlu»n8<Hi. after Fetttgrev, tad from nature.) 

A. From the froot, 
Oatlie right lidjUicniperficisl Gbrsaare ■hovrt ; oatlieleft, tbn deep or circulu fibra chieflf ire diaplsTni. 
0. on the right aide, the median and moat aapecfcial bands of the loDgiCudioa] fibres, in which a alight decoiu- 
tion of flbrn ia aeea ; a', thoae diverging aaniBwhat ; a', the loweet, vhich paea much ni<ve obliqnf ly ; the 
attachment of the longitudiaal flbrea to tlie proatat« ia ahown ; on the left aide, c, the upper, c'. the midiUe. 
c*, the lowest set of circular or deeper fibres ; at a. the thickeet and meet trauareree eeta of these fibrea forming 
TDg been remnved ; «, the nrachua, into which 

B. From the back. 
le right aide the luperfleial fibres are displayed ; oa the left the deeper fibres of the aame kind or 
ite fibres, and some ol the circular fibres ; b. &, (he median, most superficial and atroogeat baodt 
of longitudinal fibres oo the right aide ; b', the mora diveigjng set of fibns near the middle of the bladder : 
b', the meet diTergeot fibres which aurround the entrance of the oretcra ; on the left aide, c, c', and c*. iodicale 
llie deeper circular fibre* passing round at various breb. and crossing with Ihe deeper diTefging fibrea 
poeteriorl;; >. the most traniFerse fibres at (he neok forming the sphincter i u, the unchus; or, theurefen ; 
the left half of the prcata(« has been remored to show the sphincter ; v, part of the right ductui delereiu 



C. EYom the left side. 
The sntarioc and posterior auperficial fibrea are seen miming from below upwards, croaaiug each otlier b; 
their dirergence oo (he aide of the bladder, and an indicated by the same letters as in the pnwediog figum ; 
at c, a portion of the anterior longitudinal Gbree has been removed so as to eipoae the deeper cireulu' fibiei- 
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the anterior and posterior surfaces of the bladder. Commencing in front at the 
neck of the organ, from the pubes in both sexes {musculi jnibihvesicales), and, in 
the male, from the adjoining part of the prostate gland, they may be traced upwards 
along the anterior surface to the summit of the bladder ; and they may likewise 
be followed down over the posterior surface and base to the imder-part of the 
neck of the bladder, where they become attached to the prostate in the male, and 
to the front of the vagina in the female. Upon the sides, the superficial fasciculi run 
more or less obliquely, and often intersect one another ; in the male, they reach 
the prostate. At the sunmiit, a few are continued along the urachus. The longi- 
tudinal fibres, taken together, constitute what has been named the detrusor urithCB 
muscle ; but, according to Qriffiths, these fibres ' do not form a separate muscle, 
and have not a separate function.' 

The so-called circular fibres form a thin and somewhat irregular reticulated 
layer, distributed over the body of the bladder, having various directions in 
different bladders. Their course may in general be looked upon as transverse, but 
for the most part, throughout the upper two-thirds of the bladder, they cross one 
another in very oblique bands. 

The third stratum of fibres, still more deeply situated, was first described by 
Ellis,^ who distinguished it as * submucous.' This layer is specially well developed 
at the base of the bladder. Beneath the trigone, it consists of a mass of fine trans- 
verse fibres, which are thickened posteriorly to form the ureteric bar, and are 
continuous in front with the sphincter vesicae. A distinct layer of connective - 
tissue separates these transverse fibres from the longitudinal fibres beneath them. 
If the latter be cut across opposite the base of the trigone, this area of the bladder, 
with its submucous fibres and the ureteric openings, can readily be separated from 
the rest of the bladder. 2 • 

The muacul&r coat of the bladder forms so irregular a covering that, when the organ is much 
distended, intervals arise in which the walls are very thin ; and, should the internal or mucous 
lining protrude in any spot through the muscular bundles, a sort of hernia is produced, which 
may go on increasing, so as to form what is called a vesical sacoulus, or appendix veaiemy the 
bladder thus a£fected being termed aaceuUUed, Hypertrophy of the muscular fasciculi, which 
is liable to occur in stricture of the urethra, or other affections impeding the issue of the urine, 
gives rise to that condition named the fasciculated bladder, in which the interior of the organ 
is marked by strong reticulated ridges or columns, with intervening depressions. 

Next to the muscular coat, between it and the mucous membrane — ^but much 
more intimately connected with the latter — is a well-marked layer of areolar tissue, 
the vascular or submuoouB coat. This submucous areolar layer contains a large 
number of finely coiled fibres of elastic tissue. 

The maooiis membrane of the bladder is soft, smooth, and of a pale rose 
colour. It is continuous above with the lining membrane of the ureters and kidneys, 
and below with that of the urethra. Neither here nor in the ureters is the mucous 
membrane provided with a muscularis mucosae. It adheres loosely to the muscular 
tissue, and is thus liable to be thrown into wrinkles, except at the trigone, where 
it is always more even. It is covered with a (transitional) stratified epithelium 
similar to that of the ureters. 

Blood-veMiels, lymphatics, and nerves. — Arteries. — The aufcrior 
vesical arteries proceed from the remaining pervious portions of the hypogastric 
arteries ; in the adult, they appear as direct branches of the internal iliac. The 
inferior vesical arteries are usually derived from the anterior division of the 
hypogastric. In the female, the uterine arteries also send branches to the bladder. 

1 * An Aoconnt of the Arrangement of the Moscolar Sabstanoe in the Urinary and Generative Organs of 
the Hnman Body,* TranMCtUms of the Medieo-chir. Society of London^ vol. xxxiz., 1856. 
' Wright and Benians, op. cit.y p. 229. 
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The neck and base of the organ appear to be the most vascular portions. The 
veins fonn large plexuses around the neck, sides, and base of the bladder ; they 
eventually pass into the hypogastric veins. 

The lymphatics form plexuses in the tunica muscularis and tunica adventitia, 
but appear to be absent in the tunica mucosa and tela submucosa. The lymphatics 
of the anterior wall of the bladder go to the anterior and lateral vesical glands ; 
those from the posterior wall to the lateral vesical, iliac, and hypogastric glands. 

Nerves. — The nervous supply of the bladder is bilateral, each half having 
its own nerves. On each side, the nerves are derived from two sources, namely : 
(a) from the third, the faurth, and sometimes the second sacral nerves : these fibres, 
which are known as the pelvic splanchnics (Gaskell), consist almost entirely of fine 
medullated nerves, and pass from the sacral spinal nerves directly to the pelvic 
plexus without going through the gangliated cord of the sympathetic. (6) From 
the hypogastric plexus of the sympathetic : these fibres are nearly all non-medullated. 
They arise from the upper lumbar nerves, and reach the hypogastric plexus through 
the aortic plexus and the inferior mesenteric ganglion. Both sets unite in the 
pelvic plexus, which contains numerous ganglia, and the fibres which go from the 
plexus to the bladder are mainly, if not entirely, non-medullated. According to 
von Zeissl, the pelvic splanchnics supply only the longitudinal fibres of the bladder ; 
but Griffiths found that stimulation of the peripheral cut ends of these nerves 
produced contraction of the entire muscular coat on the same side. These nerves 
also contain sensory fibres from the bladder. Stimulation of the peripheral cut 
ends of tht hypogastric fibres causes feeble contraction of the corresponding half 
of the bladder (Langley) ; and if the bladder be previously contracted, it causes rapid 
relaxation (Griffiths). The hypogastric plexus also contains sensory fibres, which 
probably reach the spinal cord thrcmgh the twdfik thoracic and first and second 
lumbar nerves. 



OllGANA GENITALIA. 

The genital organs are grouped with the urinary, under the term apparatus 
uroflrenitalis. The reasons for this grouping have already been given (p. 204). 
The genital organs are divisible into male (orgrana grenitalia virilia) and female 
(orgrana erenitalia muliebria). In each sex these organs consist of a pair of 
glands, testes or ovaria, which are concerned in the formation of the sexual ceUs, 
spermatozoa or ova, and of the genital passages by which these cells are conveyed 
to the exterior. The conjugation of these two types of genital cells occurs in the 
female genital passages, and the product of their union is retained there for a 
considerable time — in the earlier stages of development as the embryo, and in the 
later as the fetus — while the male genital cells are discharged from the male passages 
as minute organisms. Hence arises a physiological necessity for a great increase 
in size of the female genital passages as compared with those of the male. In the 
earliest stages of their development, the genital organs of the two sexes are indis- 
tinguishable from one another : a pair of genital glands appear, which subsequently 
become testes or ovaria, while the genital ducts are at first identical. The forma- 
tion of the genital passages is complicated by the fact that in both sexes two pairs of 
ducts are developed — Wolffian and Miillerian, the former becoming functional in 
the male and the latter in the female ; and that the ducts which, in either sex, 
do not become functional, persist throughout life as rudimentary organs. While all 
the higher animals are commonly described as unisexual, it may be held that they 
are all potentially hermaphrodite : the characters of one sex being normally highly 
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developed, while those of the other remain latent or imperfectly developed. 
Anatomically, each sex possesses certain rudimentary organs of the opposite 
sex. Hermaphrodites are individuals who combine within themselves the essential 
characters of both sexes. Anatomical hermaphroditism may be divided into true 
or glandular (where both the testes and ovary are present), and false or tubal — 
the Mullerian ducts persisting in the male and the Wolffian in the female. 

ORGANA GENITALIA VIRILIA. 

Under this head will be included a description of a pair of glands — the testes — 
with their serous investments and other coverings ; of a very long and complicated 
system of excretory ducts, with reservoirs for the storage of the semen, and 
of various structures closely related to the urethra — such as the prostate and 
bulbo-urethral glands, and certain masses of erectile tissue forming the penis. 

THE TESTES AND THEIR ACCESSORY STRUCTURES. 

The testes or testicles^ the two glandular organs which produce the sperma- 
tozoa, are situated in the pouch of integument termed the scrotum, each being 
suspended by a funiculus spermaticus. 

FunicnluB spermatious (sfermaXic cord), — The parts which form this 
cord are the excretory duct of the testis (named the ductus deferens), the spermatic 
artery and veins, lymphatics, nerves, and connecting areolar tissue. Besides this 
last, the cord has several coverings in common with the testis. The structures 
mentioned come together to form the cord at the abdominal inguinal ring, and, 
extending through the abdominal wall obliquely downwards and towards the 
middle line, escape at the subcutaneous inguinal ring, whence the cord descends 
over the front of the pubes into the scrotum to end at the back of the testicle. 
The spermatic cord is not formed until the testis begins to leave the abdomen, 
and it gradually increases in length during the descent of the testis. 

Canalis ingtilnalis. — By the term inguinal canal is understood the space 
occupied by the spermatic cord as it passes through the abdominal wall. It 
extends from the subcutaneous to the abdominal inguinal ring, and is about 
3*5 cm. in length. In the upper part of this course the funiculus has the fascia 
transversalis behind it, and is covered in front by the lower fibres of the internal 
oblique and transversalis muscles ; lower down, it lies in front of the conjoined 
tendon of these muscles, the fibres of which have arched inwards over it, and 
its cremasteric covering is in contact anteriorly with the aponeurosis of the 
external oblique muscle. The inguinal canal is therefore said to be bounded 
posteriorly by the fascia transversalis above and the conjoined tendon below, and 
anteriorly by fibres of the transversalis and internal oblique muscles above, and 
the aponeurosis of the external oblique muscle below ; while its floor is formed 
by the curving backwards of the inguinal ligament, and its roof by the apposition 
of the layers of the abdominal wall and the arched fibres of the internal oblique 
and transversalis muscles. 

As it enters the inguinal canal, the funiculus receives a covering from the 
inf undibulif orm or internal spermatic fascia — a thin layer continuous with the fascia 
transversalis, and prolonged down from the margin of the abdominal ring ; within 
the canal it receives a covering from the cremaster muscle and its layer of fascia ; 
and, as it emerges from the canal, there is added superficially to this, the intercrural 
or external spermatic fascia prolonged from the margin of the subcutaneous ring. 

The sorotum. — ^The scrotum forms a purse-like investment for the testes and 
the lower part of the spermatic cords. Its condition is liable to some variation 
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according to the state of the health and other circumstances : thus it is short and 
corrugated in robust persona and under the eSects of cold, but becomes loose and 
pendulous in persons of weak constitution, and under the relaxing influence of heat. 
A superficial division, into two lateral halves is marked by a alight median ndge, 
named theTaphe, extending forwards to the under-side of the penis, and backwards 
along the perineum to the margin of the anus. 

The coverings of the cord and testis in the scrotum may be enumerated from 
without inwards as follows : namely— the skin and the dartos tissue, the inUrcrural 
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fascia, the cremaster muscle and fascia, and the inJund'Auliform fascia, which is 
united to the cord by a layer of loose areolar tissue ; lastly, the special serous 
membrane of the testis, named the tunica vaginalis, which forma a closed sac, of 
which one part lines the scrotum and the other closely envelopes the testis. . 

1. The >klB of the scrotum is very thin, and is of a darker colour than that of 
the body generally ; it is commonly thrown into rugie or folds, which are more or 
less distinct, according to the circumstances already mentioned. It is furnished 
with sebaceous follicles, the secretion from which has a peculiar odour, and it is 
covered over with thinly scattered, curled and flattened hairs, the bulhs of which 
may be seen or felt through the skin when the scrotum is stretched. The superficial 
blood-vessels are also readily distinguished through this thin integument. 

2. Immediately beneath the skin of the scrotum there is found a thin layer of a 
peculiar loose reddish-brown tissue, endowed with contractihty, and named the 
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dartos tunic. This subcutaneous layer is continuous with the superficial fascia of 
the groin, perineum, and inner side of the thighs, but assumes a different structure, 
and is entirely free from fat. The dartoid tissue, which is more abundant on the 
fore part of the scrotum than behind, forms two distinct sacs for the corresponding 
testes, united together along the middle line so as to establish a median partition, 
named the septum scroti, which is adherent below to the deep surface of the raphe, 
and reaches upwards to the root of the penis. The dartos is very vascular, and 
owes its contractile properties to the presence of a considerable amount of unstriped 
muscular tissue (Kolliker). 

3. The interorural or external spermatio ftuioia — a very thin and trans- 
parent, but relatively firm, layer derived from the tendon of the external obUque 
muscle of the abdomen — is attached above to the margins of the subcutaneous ring, 
and is prolonged downwards upon the funiculus and testis. It lies at first beneath 
the superficial fascia and, lower down, beneath the dartos, and it is intimately 
connected with the layer next mentioned. It constitutes the fascia cremasterica 
of the ' B.N.A/ 

4. The oremasterlo layer is composed of scattered bundles of striped 
muscular fibres, connected together into a continuous covering by intermediate 
areolar tissue. The red muscular portion, which is continuous with the lower 
border of the internal oblique muscle of the abdomen, constitutes the cremaster 
muscle, and the entire covering is often named the cremasteric fascia. By the 
action of the cremaster, the funiculus is shortened and the testicle is raised 
towards the abdomen. 

5. The inftmdibullfonn or internal spermatio fascia, continuous above 
with the fascia transversalis and situated immediately beneath the cremasteric 
muscle, invests the funiculus completely, and is connected below with the posterior 
part of the testicle and the outer surface of its serous tunic. On forcing air beneath 
the infundibuliform fascia, a quantity of loose and delicate areolar tissue is seen to 
connect its deep surface with the ductus deferens and spermatic blood-vessels, and 
to form lamellae between them. This areolar tissue is continuous above with the 
subserous areolar tissue found beneath the peritoneimi on the anterior wall of 
the abdomen ; below, it is lost upon the back of the testicle. Together with 
the infundibuliform fascia, it forms the fascia propria of Astley Cooper. The 
infundibuliform fascia is the tunica vaginalis communis of the * B.N.A. ' and must 
be distinguished from the tunica vaginalis propria testis, which is the serous sac of 
the testis derived from the peritoneum. 

Lying amongst this loose areolar tissue, in front of the upper end of the funiculus, there 
is often seen a fibrous band, which is connected above with the pouch of peritoneum found 
opposite the upper end of the inguinal canal, and which passes downwards for a variable distance 
along the spermatic cord. Occasionally, it may be followed as a fine cord, as far as the upper 
end of the tunica vaginalis ; sometimes no trace of it can be detected. It is the vestige of a 
tubular process of the peritoneum, which in the fetus connects the tunica vaginalis with the 
general peritoneal membrane. As fully described in Vol. I. (Embryology), the testis is developed 
in the abdomen in close relation to the Wolffian body, and subsequently lies near the kidney. 
During fetal life, it descends on the posterior abdominal wall from the lumbar region to the 
inguinal canal, which it traverses shortly before birth, and then passes down into the scrotum. 
At a period considerably prior to its escape from the abdominal cavity, a pouch of peritoneum 
already extends down into the scrotum. Into this pouch, or processus vaginalis peritanceif the 
testicle projects from behind, supported by a duplicature of the serous membrane, named the 
mesorchium. Sooner or later, after the gland has descended into the scrotum, the upper part 
or neok of this pouch becomes contracted, and finally obliterated, from the abdominal ring 
down nearly to the testicle, leaving no trace but the indistinct fibrous cord already described, 
while the lower part remains as a closed serous sac surrounding the testicle, and which is hence 
named the tunica vaginalis testis. 

In the female fetus, an analogous pouch of peritoneum descends for a short distance along 
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the round ligament of the uterus, and has received the appellation of the c<inal of Nuck,' Of 
this, traces may almost always be seen in the adult. 

The neck of the processus vaginalis sometimes becomes closed at intervals only, leaving a 
series of sacculi along the front of the cord ; or a long pouch may continue open at the upper 
end, leading from the abdominal cavity into the inguinal canal. In other instances, the 
peritoneal process remains altogether pervious, and the cavity of the tunica vaginalis is thus 
made continuous with that of the peritoneum. In such a congenital defect, a portion of 
intestine or omentum may descend from the abdomen into the inguinal canal and scrotum, 
and constitute what is named a congenital hernia. Lastly, one or both testes may remain 
permanently within the abdomen, or their descent may be delayed till after puberty, when it 
may occasion serious disturbance. Retention of the testes in the abdomen (cryptorchismue) 
is, in many instances, the accompaniment of arrested development of the glandular structure ; 
it is, however, a jieculiarity which may be present without impotence. Rarely, a testis, after 
escaping from the inguinal canal, may pass to the front of the pubes above the penis, to the 
inner side of the thigh, or may descend at the side of the scrotum into the perineum. A few 
cases are recorded (see Romanovsky and Winiwarten, 'Dystopia testis transversa,* AnaL 
Anzeig.f Bd. xxvi., 1905) where both testicles descended on the same side. 

In a few mammals, as the elephant, the testes remain permanently within the abdomen; 
in a much larger number, as the rodentia, they only descend at each period of heat. The complete 
closure of the tunicA vaginalis is peculiar to man, and may be considered as connected with his 
adaptation to the erect posture. 

6. The tunica Tagiiialis. — This tunic forms a closed sac, of which the opposite 
free surfaces are in contact with each other. Like the serous membranes in general, 
of which it presents one of the simplest forms, it may be described as consisting of 
a visceral and a parietal portion. The visceral portion {lamina visceralis) closely 
invests the greater part of the body of the testis, as well as the epididymis, between 
which parts it is depressed in the form of a pouch (sinus epididymidis) and lines 
their contiguous surfaces, and adheres intimately to the proper fibrous tunic of the 
gland. Along the posterior border of the gland, where the vessels and ducts enter 
or pass out, the serous coat, having been reflected, is wanting. This portion of the 
serous covering frequently presents villous prolongations on the borders of the 
epididymis and upper end of the testis ; these processes, sometimes of considerable 
length, are covered in some places' with cylindrical, in others with layers of flat, 
epithelium. 

The parietal or scrotal portion of the timica vaginalis is more extensive than 
that which covers the body of the testis ; it reaches upwards, sometimes for a 
considerable distance, upon the spermatic funiculus, extending somewhat higher on 
the inner than on the outer side. It also reaches downwards below the testicle, 
which, therefore, appears to be suspended at the back of the serous sac, when this 
latter is distended with fluid ; a fold, or so-called ligament, being left projecting at 
the lower end of the epididymis (fig. 220, /). 

For a short i)eriod during the later months of fetal life, there is a tunica vaginalis commumSf 
investing both the testis and the spermatic cord. After the obliteration of the portion covering 
the spermatic cord, the tunica vaginalis propria testis is left. 

Blood-vessels, lympbatics, and nerves of tbe scrotum and 
spermatic oord. — The arteries are derived from several sources. The two 
external pudendal and the anterior scrotal arteries (branches of the femoral) reach 
the front and sides of the scrotum, supplying the integument and dartos ; the 
posterior scrotal branches of the internal pudendal are distributed to the back part 
of the scrotum ; lastly, more deeply seated than either of these, is a branch given 
from the inferior epigastric artery, named cremastericy which is chiefly distributed to 
the cremaster muscle, but also supplies small branches to the other coverings of 
the cord, and by its ultimate divisions anastomoses with the other vessels. The 
artery of the ductus deferens, a long slender vessel derived from the superior or inferior 
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vesical, accompanioB the tube in its nhole length. The veins accompany the 
arterieB. The veins ol the cord form the spermatic or pampiniform plexus. The 
Ijnipltatlca of the Bcrotmn form a close-meshed network, and the agerent 
vessels, five to eight in nmnber, pass to the superficial inguinal glands — maiuly 
the upper and median groups. 

The n«rveB are derived from various boutccb. The ilio-inguinal, a branch 
of the lumbar plexus iaauing by the subcutaneous ring, supplies the integu- 
ments of the Bcrotum ; this nerve is 
joined also by a filament from the ilio- 
hypogastric branch of the same plexus : 
sometimes two separate cutaneous nerves 
come forward through the external ring. i^ 
The two posterior sorotat branches of the tj 
pudendal nerve accompany the artery of (^ 
the same name, and supply the inferior 
and posterior parts of the scrotum. The rn ' 
perineal branch of the posterior cutaneous \ [ 
of the thigh, joins with the posterior (fl) 
scrotal nerves, and with them is distri- ^ 
buted to the sides and lower part of the 
scrotum. Lastly, the genital branch of 
the genHo-femoral nerve, reaching the 
spermatic funiculus at the abdominal 
ring, passes with it through the inguinal 
canal, and supplies the fibres of the 
cremaster muscle, besides sending a few 
filaments to the other deep coverings of 
the cord and testicle. The ilio-inguinal 
and genito-femoral come from the first 
and second lumbar nerves, while the 
branches of the other nerves to the 
scrotum are derived from the third and ^'°- 220— Th« >■«" 
fourth sacral nerves. thk dutbr sidi 

p. p. cutedgraof tbe parietal layer of the taoica 

vagiiuliB draiFn uide ; f , body at the teatia ; f , (' . 

THE TESTES. epididyrau! /, a (aid of the tunica vagmalia paanag 

from the body of the teitis to the side. In the 

The testes (testicles), the principal "pp" p*^ "' *>>» fi*"™. "« ^uni™ Taginaiis ha. 

,,. 11' , ■ ' been dieaecled ott at the place of its refleiioa on 

reproductive glands m the male, two in the eocd to aho<r vd. tbTductue deferem. and 

number, are suspended obliquely in the ?. the organ of Giraid4»; o, the three small 
scrotum by means of the cord and mem- "^^"^'^^^"'^^^^"^^^^^"^Iritw^ 
bianea already described; they are usually themi A. appendix tnti^ 
placed at unequal heights — that of the 

left side being lower than the other. They are of an ovoid form, but are slightly 
compressed from side to side, so that they have two somewhat flattened surfaces — 
median and lateral — an upper and a lower end, an anterior and a posterior border. 
They are about 40 mm. long, 30 mm. wide from back to front, and 25 mm. thick 
from side to aide. The weight of each varies from 15 grms. to 25 grms. 

The front and sides of the testis, together with the upper and the lower ends, 
are free, smooth, and closely invested by the tunica vaginalis. The posterior border 
is attached to the spermatic cord, and it is here that the vessels and nerves enter 
or pass out. When the testis is suspended in its usual position, its upper end is 
directed obliquely forwards and outwards, as well as upwards, whilst the lower, 
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whicli is rather smaller, has the opposite direction. It follows from this that the 
posterior or attached border is turned upwards and inwards, and the outer flattened 
face slightly backwards. 

Attached to the lateral part of the posterior border of the gland, is a long narrow 
body, the epididymis, which forms part of the excretory apparatus of the testicle, 
and is principally composed of the convolutions of a long tortuous canal or efferent 
duct, to be presently described. Its upper extremity, larger than the lower, pro- 
jects forwards on the upper end of the testis, and is named the caput epididymidis 
or globus major (fig. 220, e) ; the lower, which is more pointed, is termed the cauda or 
globus minor ; whilst the intervening portion is named the corpus. The lateral 
convex surface of the epididymis is free and covered by the' tunica vaginalis. The 
anterior concave surface is directed towards the testicle, to which it is attached at 
the caput and cauda ; but opposite the corpus it is free, and covered by the pouch 
of the tunica vaginalis, called the sinus epididymidis. The median rather ill-defined 
surface is related to the spermatic vessels. At its upper and lower extremity, the 
epididymis is attached to the testis by fibrous tissue (ligamentum epididymidis 
fluperius and ligamentum epididymidis inferius) and by a reflection of the tunica 
vaginalis. The globus major of the epididymis is also attached to the testicle 
by the efferent ducts of the testicle. 

The appendix testis is a small structure, usually pedunculated, which is attached to the 
front of the upper pole of the testis, or sometimes to the groove between it and the caput epididy- 
midis. It is often termed the hydatid of Morgagni ; but it is only in rare cases a sac containing 
fluid, being usually a soft reddish structure, composed of well-developed blood-vessels, &c.. 
embedded in connective- tissue, and covered by columnar Epithelium. On section, it is found 
to contain a minute duct, lined by columnar epithelium, which may end blindly or open into the 
cavity of the tunica vaginalis. It probably represents the remains of the cephalic end of the 
Miillerian duct (J. H. Watson, ' Some Observations on the Origin and Nature of the so-caUed 
Hydatids of Morgagni found in Men and Women, with special Reference to the Fate of the 
Miillerian Duct in the Epididymis,' Jour. Anat. and Phya.y voL xxxvi., 1902). 

Appendix epididymis. — This is a small pedunculated body attached to the front of the 
caput of the epidid3rmis. The stalk may be a fine cylindrical thread about 10 mm. in length, 
but it is generally shorter. The appendix epididymis is less frequently present than the appendix 
testis. Toldt (' Die Anhangsgebilde des mensohlichen Hodens und Nebenhodens,' Sitz. d. k. 
Akad. d, Wissenschaften in Wien, 1891) found it present in twenty-nine out of one hundred 
and five testes examined, and of the twenty-nine it was single in twenty-one, and in the 
remaining eight multiple ; in one of them there were as many as four appendices. It has 
essentially the same structure as the appendix testis (Wright and Brown, ' Anatomy of the 
Vestigial Structures in the Neighbourhood of the Epididymis,' Brii, Med, Jottr,^ vol. iL, 1912). 

Variations in testes* — In addition to irregularities in position (which have already been 
referred to), the testes may vary in number. One testicle may be absent or very rudimentary. 
Various cases of supernumerary testicles have been reported (see Lowe, ' Double Testicle on 
One Side,' Brit, Med, Jour., September 2, 1911 ; and Sparrow, ' Supernumerary Testicles,' Ibid.^ 
September 20, 1911) as having been met with during an operation or in the physical examina- 
tion of recruits ; but cases which do not permit of a microscopic examination of the 
accessory organ cannot be regarded as proved (see W. A. Sneath, * An Apparent Third Testicle : 
consisting of a Scrotal Spleen,' Jour, Anat, and Phys,, vol. xlvL, April 1913). 



STRUCTURE OF THE TESTIS AND EPIDIDYMIS. 

The testis is enclosed in a strong capsule, the tunica albuginea- This is a 
dense unyielding fibrous membrane, of a white colour, and of considerable thickness, 
which immediately invests the soft substance of the testis, and preserves the form 
of the gland. It is composed of bundles of fibrous tissue, which interlace in every 
direction. The outer surface is covered by the tunica vaginalis, except along 
the posterior border of the testis, where the spermatic vessels pass through and 
the two extremities of the epididymis are attached. 
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In the interior, tlie fibrous tissue of the tunica albuginea b prolonged from 
the posterior border for a, short distance into the Bubatance of the gland, so as to 
form within it an incomplete vertical septum, known as the cor-pus Highmori, and 
named by Astley Cooper mediastinum testis. It extends from the upper nearly 
to the lower end of the gland, and it is wider above than below. The firm tissue 
of which it is composed is traversed by a network of seminal ducts, and by the 
larger blood-vesBels of the gland, which are lodged in channels formed in the 
fibrous tissue. 

From the front and sides of the mediastinum testis, numerous slender fibrous 
cords and imperfect septa of connective-tissue are given ofE in radiating directions. 
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and are attached by their outer ends to the internal surface of the tunica albuginea 
at diSerent points, thus incompletely dividing the glandular substance into lobules. 
According to Kolliker, plain muscular fibres are prolonged upon these septula. The 
whole internal surface of the tunica albuginea is covered by a multitude of fine 
blood-vessels, which are branches of the spermatic artery and veins, and are held 
together by a delicate areolar web. Similar delicate raroifications of vessels are 
seen on the various fibrous oSsets of the mediastinum, upon which the blood- 
vessels are thus supported in the interior of the gland. This vascular network, 
together with its connecting areolar tissue, constitutes the tunica vascidosa of 
Astley Cooper. 

The epididymis also possesses a tunica albuginea, but it is not so thick and 
firm as that of the testis. 

At the back of the testis and epididymis, beneath the fascia propria and opposite 
the lower two-thirds of the testis, is a considerable amount of unatriped muscular 
tissue— the tnner mnscular tunic of Kolliker. 

S«iBlnUiBronB tabiil«a. — The testis is a compound tubular gland in which 
the spermatozoa, or essential elements of the seminal fluid, are formed. The tubuli 
seminiferi occupy the fibrous framework formed by the albuginea, the mediastinum, 
and the trabecule, and they are loosely connected together by areolar tissue in the 
lobular spaces already described. 

B 2 
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Oftheselobules, there are some 100 to 200 (Erause), or more; they are of unequal 

size^the middle ones being the larger — and ate imperfectly separated from one 

another, the septa being incomplete. In each lobule are two, three, or more 

aeminiferouB tubuleB closely convoluted (tubuli seminiferi contorti), and here and 

there branched — especially at their anterior or distal extremity — where, in a cortical 

zone, near the albuginea, they are stated frequently to communicate laterally with 

one another. It is not difficult to unravel the tubules for some distance, for their 

walls are moderately strong, and their diameter (0-2 mm.) large, compared with 

those of other tubular glands— such as the kidney. Their length is estimated to be 

on an average about 60 cm., and their number 

between 800 and 900, making a total of about 

1,750 feet (Lauth). The structure of these tubules 

and the process of spermatogenesis is fully described 

. in Vol. XL, Pt. I. 

SnctB of tb« testis. — As the tnboli 
■omlniferl contorti approach the mediastinum 
testis, they unite, as before said, with one another 
at acute angles into a smaller number of tubes, 
which have a less flexuous course, and at length 
become nearly straight. Close to the mediastinum, 
they taper into short, straight tubes (tnbnil 
aemlniferl r«otl), of smaller diameter than the 
seminiferous tubes (fig. 224), and differing from 
them in the character of their epithelium. This, in 
the straight tubules, is a single layer of flattened 
or cubical cells continuous with the outer or lining 
cells of the seminiferous tubes. 

The straight tubules open into a network of 
channels which lies in the fore-part of the medias- 
rm. 222. - Plak of a tbbtical tinum, and is named rete testt* (fig. 224, c). 
..™..«„ „. ^^^ tubes composing the rete have no proper walls, 

but are merely chanaela in the fibrous stroma, lined 
Tho true length and diametCT of by fiattened epithelium. Their diameter is greater 
r»,tb!rii»^^"oa1^'^iS ^^""^ that of the tubuli recti. The accretion from 
up in the »parite lobee ; b. tubuU the testis is accumulated in the rete testis, and is 
remiiuf en recti; c.retat«iui; rf.™ conducted to the uppei and back part of the testis, 
e. f, q. convoluted cmai oi the epi- whencc it IS convcycd away by the daotoU 
.lidymis ; A. durtuB defereni ; i.i. effereiit«» testls, OF Taaa •ffersBtla. These 

■ectioii of the bscfc part of the , . . .. ntj. 

tnmeii.ibiigin« with fibrous pro««« »« from twelve to fifteen, or sometimes twenty, 
runoing between the lobea, in number ; th'ey pertorate the tunica albuginea 

beneath the globus major of the epididymis — of 
which they may be said to form a part— and in the convoluted canal of which 
they ultimately terminate. On emerging from the testis, these vasa efierentia are 
straight, but, becomiim more convoluted as they proceed towards the epididymis, 
they form a series of small conical masses, the bases of which are turned in 
the same direction, and are named lobuli eptdtdymidis, or coni vatculosi 
(figs. 222, 225). They are about 05 mm. in diameter. The largest of the cones 
isaboutHmm. long, and when unrolled, each is found to consist of a single coiled 
duct, varying trom 150 mm. to 200 mm. in length, and the diameter of which 
gradually decreases from the testis to the epididymis (Huschke). Opposite the 
globus major, these separate efierent vessels open at intervals — which, in the 
unravelled tube, are found to be about 75 mm. in length— into a single canal 
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or duct, the interveiuDg and subsequent convolutionB of which constitute the 
epididyiois itself. 

The duatoji spldldrmldto (fig. 222, e,/, g) is disposed in very numerous coils, 
and extends from the globus major downwards to the globus minoT or tail, where, 
turning upwards, it is continued on as the dw^us deferens. When its complicated 
flexuositiea are unrolled, it is found to be about 6 metres (twenty feet) in length. 
The smallest windings are supported and held together by fine areolar tissue ; but 
besides this, numerous incomplete, transverse, fibrous partitions are interposed 
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FlO. 223.— LONOITDDWAI. SECTION THBOCOH TOI TESTIS AND KMDIDYIUS. [Bohm md V. Diridofl.) 

between larger masses of the coils. The canal of the epididymis is, at its 
commencement, about 0*4 mm. in diamet«r ; but, diminishing as it proceeds 
towards the globus minor, is about 0'27 mm., after which It again increases 
in size, and becomes less convoluted as it approaches the ductus deferens. Its 
coats, which are at first thin, become thicker in its progress. 

The vasaefferentiabavealayer of circular muscular fibres, to which, in the tube 
of the epididymis, is added an external longitudinal layer, both being relatively thin. 
The epithelial lining-cells are columnar in form, and are ciliated — the ciha being 
long — and causing by their movement a current towards the ductus deferens. In 
the epididymis the cells are greatly elongated ; in the vosa eSerentia, they are 
shorter ; in the lower part of the epididymis the cilia disappear. Between the 
fised ends of the columnar cells other smaller cells are met with. 

The duetoa dsfareiM {vas deferens) (fig. 226, h) forms the continuation 
upwards of the convoluted duct of the epididymis, from which duct it is readily 
distinguished by its much larger size and the greater thickness and strength of its 
walls. 

OooTSQ and relations. — It commences at the lower end of the epididymis, 
and, at first rather tortuous but afterwards becoming straight, it ascends upon the 
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median wde of the epididymis, and along the back of the testicle, separated from 

both, however, by the blood-vessela possiag to and from the gland. CoatlDuing then 
to ascend in the spermatic cord, the ductus deferens accompanies the spermatic arterr, 
veins, and nerves, as far as the upper end of the inguinal canal. Between the testicle 
and the lower end of the inguinal canal its coarse is nearly vertical : it lies behind 
the spermatic vessels, and is readily distinguished by its hard cord-like feel. It 
then passes obliquely upwards and outwards along the inguinal canal, and, reaching 
the median border of the abdominal inguinal ring, leaves the spermatic vessels 
(which extend to the lumbar region), and turns suddenly backwards and inwards 
round the lateral and posterior aspect of the inferior epigastric vessels to reach the 
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side wall of the pelvis (fig. 227). From the abdominal ring, the ductus deferens passes 
nearly horizontally backwards for 8,cm. to 10 cm. in the direction of the ischial 
spine. In this part of its course, it lies just beneath the peritoneum and medlsD 
to the external ihac vessels, the obturator vessels and nerve, and the ligamentnm 
umbilicale laterals. It then comes into relation with the base of the bladder, and, 
leaving the peritoneum, curves downwards, median to the ureter. Upon the base 
of the bladder, the ductus deferentes lie between this organ and the rectum, 
and extend forwards and inwards between the vesiculffi seminales (fig. 230) until 
they reach the prostate, where each ductus deferens ends by joining with the 
duct from the corresponding seminal vesicle on its outer side to form one of the 
common seminal or ejaculatory ducts (fig. 230, E.D,), 

As the ductus deferens lies on the side wall of the pelvis, it forms the posterior 
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boundary o! the posterior paravesical fossa and the aaterior boundary of the 
obturatoT fosaa.^ At the base oE the bladder, it is enclosed with the seminal vesicle 
in a well-defined Bbro-mnscular sheatb, and becomes dilated and somewhat 
tortuous, lorming the ampulla of Henle. 

Slmanslon*.— The ductus deferens measures 40 cm. to 45 cm. in length. In 
the greater part of its extent, it is cylindrical or slightly compressed, and has an 
average diameter of about 2-5 mm., with a lumen of 0'2 mm. to 0'5 mm. ; but 
at the ampulla of Henle, which is about 3 cm. long, it may acquire a diameter 



. 2S6. — InJECTTED TEBTIH. 

DtlCTCfl DETEBiES. (From KollikBr, «H*r 

tlWIH.) Arnold, f 

a, body at tba t«aticle ; b, tabuli a. bod; of tbe testiole ; b, lobuln ; c. T«aa 

in the interior ol tbo gUmd ; e, rate rectk ; d. rate teatis ; e, vim olIerentiA ; /, coni 

dnctnli effematei tatii tenninatuig vaamlwij g, epididymta ; t. duotna deleiens ; >'. vu 

in tbe coai Tuoulosi; t, f. g, coa- kberruu; m, bnochesof thespernutiouteiypauing 

TOlated cuul of the ei^dtdymis ; to the totig and opididTmia ; n, nmiScstion in the 

h. dnctua defenoa uoeoding from tbe txetia ; o. utery of the ductus deferens ; p. ila union 

globus minor of the epididymig. with s twig of tbe Bpermstic utery. 

of about 7 mm, to 10 mm. Previously to its junction with the duct ot that 
vesicle, it again becomes narrowed into a smaller and straight cylindrical canal. 

Btmoture.— Besides an external areolar investment, and an internal mucous 
membrane, the ductus deferens is provided with an intermediate thick muscular 
tunic, of a deep yellowish colour. This coat consists of two layers of plain fibres : 
an outer of longitudinal and an inner of circular fibres (fig. 228, d, e). In addition, 
near the commencement of the tube, there is an internal longitudinal stratum, 
extremely thin, and constituting not more than one-fifth of the muscular coat 
(fig, 228, c) ; in the ampulla, the inner longitudinal fibres are absent. 

The lining membrane exhibits on its surface three or four longitudinal ridges, 
and, besides this, in the sacculated portion of the duct, it is marked by n 
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finer rugte which enclose irregular polyhedral spaces, resembling in this alveolai 
character the lining membrane of the seminal vesicles, and is provided with simple 
and blanched tubular glands (Henle) and well-marked diverticula. The epithelium 
is of the columnar kind, and noa-ciliated. As in the epididymis, there is a deeper 
layer of small cells between the columnar cells. 



iNOinRU HiHo'lnTO Tui FELTis. <EUu ud Thuie.) 

The peritoDeum aad Bubperitontal tiuue h&ve been removed ; &nd thp rectus and truuTenaLin miuciA 
are eeen covered by the buuTenalii faeoiL The ilio-peoAA muicle uid lateral cataneooB nerre are covwd 
by the iliac fascia. 

> B, femoral ring ; o, ligamentum laconaie oc Gimbemat's ligajoent ; tkct., peotineui muwle coretwi bj 



The walls of the ductus deferens are very dense and strong, and feel hard to the 
touch, owing to the large proportion their thickness bears to the lumen of the 
tube. In the sacculated portion, the passage is much wider, and the walls are thinner 
in proportion. 

Taa abeiTBU.— This oaioe was applied by Hailer to a long naiTow tube, or diverticulum 
(ductus aberranB inferior) (fig. 22S. t ), djacovered by him, and almoat invitmbly met with, which 
leads off from the lower part of the canal of the epididymis, or from the commencemeDt of the 
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ductus deferens, and, becoming tortuous and convoluted, is rolled up into an elongated mass, which 
extends upwards for 2 cm. to 3 cm. amongst the vessel* of the spennatic cord, where the tube, 
ends by a closed extremity. Its length, when it is unravelled, ranges from abcot 6 cm. to 30 cm., 
and its width increases towards its blind extremity. Sometimes this diverticulum is branched, 
and occasionally there are two or more such aberrant ducts. Its structure appears t« be similar 
to that of the ductoa deferens. Its presence is due to the persistence of one or mure of the 
transverse tubules of the caudal part of the WolfBan body. Lusohka states that occasionally 
it does not communicate with the canal of the epididymis, but appears to be a ainipte 
serous cyst, 

V*r*dldjiiil> (organ of Qiraidia). — The small body thus named is situated in the front of 
the cord immediately above the caput epididymidis(soe fig. 2i)ii,g). It consists usually of several 
small irregular masses containing convoluted tubnles lined with columnar ciliated epithelium. 
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and is scarcely to be recognised until the surrounding connective .tissue has been rendered 
transparent by rc-agenls. Toldt, ' Ueber die vasa aberrantia dee Nebeohodens und iiber die 
Paradidymis,' Anai. Aauig., Eiganzungeheft xnm VllJahrgaog. 1802) distinguishes two of these 
organs : an upper, situated in front of the spermatic venous plexus and above the head of the 
* epididymis ; and a lower, having the same relation to the veins, but being behind the head of the 
epididymis. The upper body consiste of a few small tubules, blind at each end, which ore 
vestiges of the tubules of the Wolffian body. The tubules of the lower body may be closed at 
each side Or may join by one extremity the body of the epididymis ; they represent detached 
ductuli efterontes. 

The TvaKmlaB Bei&inalAa are two branched and sacculated diverticula of the 
ductus deferentes, situated one on each side between the bladder and the rectum. 
Each vesicle forma a somewhat oval mass with the narrow end in front and its long 
axis directed forwards, inwards, and downwards. The upper or anterior surface 
is somewhat flattened, aad the lower or posterior convex. Their length is usually 
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about 5 cm., aad the greatest breadth about 2 cm., and th« thickness 1 cm. ; but 
they vary both in size and shape in different individuala, and also on the two sides. 

Theii upper obtuse extremities are separated widely from each other (see fig. 231), 
but anterioily they converge so as to approach the two ductus deferentes, which nm 
forwards to the prostate be- 
tween them. With the ductus 
deferentes thus interposed, 
they occupy the two diverging 
sides of the triangular portion 
of the base of the bladder, 
which lies upon the rectum, 
and is bounded behind by the 
line of refle;don of the peri- 
toneum at the extremity of 
the recto-veMcal pouch. With 
both bladder and rectum 
empty, only the anterior and 
inner part of each vesicle is in 
contact with these viscera, and 
the greater portion of the 
vesicle lies lateral to the recto- 
vesical pouch of peritoneum, 
and is separated below and 
at the side by fascia and a 
plexus of veins from the 
levator ani and obturator 
internus muscles (see fig. 231). 
As the bladder and rectum 
become distended, the inter- 
venii^ structures are pushed 
aside, and nearly the whole 
length of the vesicle is in 
contact with one or other of 
these viscera. Each vesicle 
is invested by a strong fibro- 
muscular sheath. 

The sacculated appearance 

of the seminal vesicles is 

Flo. !3a— DuoHAH or the buddih. mosriTE olinp, owii^ to their peculiar form- 

BoOT or TBI rasa. mc. (J. Symingt™.) ^tion. Each consiste of a 
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membranai u., omter; a.y., ieminil voMole; to., eJK!iil.toiy tortUOUS and having attached 

duot; r.prortatei M.. membruioui part otthe orethra; B.liulbi tO it a Variable number of • 

c.9„ corpus cavBTDwum ufBtbtto: r, cna penis; c.o., Cowpcr'a ,1-11- .-1 i- i 

g\^ai. r i~ blind diverticula which may 

be simple or branched. When 
unrolled, the main duct may be 10 cm., or more, in length, and about the same 
size as the ampulla of the ductus deferens. Occasionally, the posterior end of the 
vesicle is formed by a loop of the main duct and not by its bUnd extremity, which 
is curved forwards. Anteriorly, the main duct becomes straight and narrowed, and 
ends opposite the base of the prostate by uniting on its inner side, at an acute angle, 
with the narrow termination of the corresponding ductus deferens to form a single 
canal, which is the common seminal or ejaculatory duct. 
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Vsiriatloiia. — G. P&llin ('Beitr^ tur AnatomJe und Embryologie der Prostata und der 
Samenblaaeu.' Arch. f. Anal., 1901). inveetigated the lana and relatioDS tif the main duct and 
the diverticula in nineteen adult subjects, whoae ages ranged from twenty-fivo to seventy-seven 
yearf. and found they varied considerably. Ho grouped his specimens under two main 
heads : (o) those in wMch the main duct was only slightly convoluted, and (6) those in which 
the convolutions were very tortuous. Under each head the diverticula were either short and 
fairly uniform in siv, or very unequal ; some being long and tortuous, and other branched. 

Absence of the seminal vesicles is very rare. They are often unequal in size. 

The sominAl vesioles are considered by some authorities to serve as reservoirs for the testicular 
secretion ; while others maintain that the material contained in the vesicles is secreted by their 
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liuing membrane, and becomes mixed with the semen in the act of ejaculation, the semen being 
stored in the epididymides and in the ampuUn of the ductus defereutes. W. Nagel {Phyaiohgii 
dea Meiuchtn, 6d. ii.. 1906) believes that their more important function ia secretory. John 
Hunter showed that in the elephant, the ducts from the seminal vesicles open directly into the 
urethra, and consequently there arc no ejaculatory ducts in this animal. 

In atnicture, the seminal vesicles resemble very closely the adjoining sacculated 
jrartions of the ductus deferentes. Besides an external investment, connected with 
the recto-veaical fascia, and containing vessels of considerable size, lymphatics, and 
gangliated nerve-cords, they have a muscular coat and a mucous membrane. The 
muscular layers are thin, compared with those of the ductus deferens, and consist 
of two layers : an outer of longitudinal and an inner of circular fibres. A con- 
siderable amount of plain muscular tissue ia found coveting the posterior surface 
and extending transversely between the two vesicles. There are also longitudinal 
fibres traceable over the vesicles from those of the bladder {Ellis, Henle). The 
mucous membrane is traversed by very imiuy fine rugie, which form an alveolar 
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structure resembling that seen in the gall-bladder, but deeper and enclosing much 
finer meshes. The epithelium of the vesicles is columnar with a deeper layer of 
small polyhedral cells. 

The ductus ejaoulatorii, or common seminal ducts, two in number, convey 
the semen into the urethra, and (fig. 242, e.d.) are formed on each side by the junc- 
tion of the narrowed extremities of the corresponding ductus deferens and vesicula 
seminalis, close to the base of the prostate gland. From this point, they run 
forwards and downwards, at the same time approaching each other, and then 
pass side by side through the prostate between its middle and two lateral lobes. 
The duct of the seminal vesicle is in line with the ejaculatory duct, and the ductus 
deferens joins it at nearly a right angle. 

After a course of about 16 mm., during which they become gradually narrower, 
they end in the floor of the prostatic portion of the urethra by two small slit-like 
orifices placed on the colliculus seminalis, one on each prominent margin of the 
opening of the prostatic utricle (fig. 242, d). For a short distance, the ejaculatory 
ducts run in the substance of the lateral walls of the utricle. At its origin, the 
ejaculatory duct is dilated to form the sinus ejaculatorius,^ the lumen of which is 
about 0*8 mm., but the opening of the duct into the urethra is only about 0*2 mm. 
in diameter. Felix describes five recesses on the dorsal and median walls of 
the ejaculatory duct : the first and fourth, coimting from below upwards, are 
purely diverticula, the remaining three are the ducts of glands. 

Structure. — The mucous membrane is thrown into numerous folds, its epithe- 
lium contains yellow pigment, and the superficial cells are columnar. The duct proper 
has no muscular coat, except at the sinus, but the recesses have muscular walls. 

Blood-vessels, lymphatics, and nerves of tbe testis and its ducts. 

— The blood-vessels, &c. of the testis differ from those of the scrotum, as they are 
carried down with the testis during its descent from the abdomen into the scrotum. 

Arteries. — The arteria testicularis or spermatic artery, or proper artery of the 
testicle, is a slender and remarkably long branch, which arises from the abdominal 
aorta, and passing down the posterior abdominal wall, roaches the spermatic 
funiculus, and descends in it to the gland. In early fetal life, its course is much 
shorter, as the testis is then situated near the part of the aorta from which the 
artery arises. A little below the subcutaneous inguinal ring, the artery gives off a 
branch which supplies the coverings of the fimiculus. The main trunk ends in 
two or more terminal branches, which, near the testicle, become tortuous and break 
up into numerous branches, some of which (capsular) ramify beneath the tunica 
albuginea and send twigs into the substance of the testis, while others (central) 
pass through the mediastinum and ramify along the septula testis before supplying 
the tubuli seminiferi. Near the upper end of the testis, small branches are given 
to the head of the epididymis, and others lower down supply the tail of the 
epididymis and anastomose with the artery on the ductus deferens. 

The ductus deferens receives from one of the vesical arteries a long slender branch 
which accompanies the duct, and hence is named the arteria deferentia. It ramifies 
in the coats of the duct, and reaches as far as the testis, where it anastomoses with 
the spermatic artery. 

Veins. — The spermatic veins, commencing in the testis and epididymis, pass out 
at the posterior border, where they unite into larger vessels, which freely communi- 
cate with each other as they ascend along the cord, and form the pampiniform plexus. 
Ultimately, two or three veins follow the course of the spermatic artery into the 
abdomen, where they unite into a single trunk {spermatic vein) : that of the right 
side opening into the inferior vena cava, and that of the left into the left renal vein. 

^ W. FolJx, * Zur Anatomie dee ductus ejaculatorius/ n.8.w. AruU. Hefte^ Heft liy., 1901. 
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Iiympbatics. — ^The lymphatic vessels accompany the spermatic blood- 
vessels, and, ascending with these in the spermatic cord and on the posterior 
abdominal wall, terminate in the lymphatic glands situated beside the abdominal 
aorta. 

Herves. — The nerves form a delicate set of sympathetic filaments, which 
arise from the renal and coeliac plexuses, and descend with the spermatic artery 
to the testicle. Some additional filaments, which are very minute, come from 
the hypogastric plexus and accompany the artery of the ductus deferens. The 
spinal fibres are derived from the tenth thoracic nerve. 

PENIS. 

The penis forms with the mons pubis and the scrotum the jKirtes genitales 
eztemcB. It is composed mainly of cavernous tissue, and serves, when distended with 
blood, as the male orgau of copulation. The cavernous tissue is arranged in three 
long and somewhat cyhndrical masses, which are enclosed in fibrous sheaths, and are 
united together in a part of their course so as to form a three-sided prism which, 
surroimded by the general integument, constitutes the body of the penis. Of these 
masses, two, named corpora cavernosa penis, placed side by side, form the principal 
part of the organ, whilst the other, situated beneath the two preceding, surrounds 
the canal of the penile portion of the urethra, and is named corpus cavemosum 
urethrcB or corpus spongiosum. 

The skin which encircles the body of the penis is prolonged from the so-called 
dorsum of the penis upwards over the pad of fat forming the mons pubis, while on 
the under-surface the integimient is folded to form the scrotum (see fig. 232). 

Behind the bend in the flaccid penis, the three masses of cavernous tissue extend 
back^'ards and somewhat downwards into the perineum as the root of the penis. 
The penis is attached at its root to the symphysis of the pubes, and to the pubic 
arch ; in front, it ends in an enlargement named the glanSy which is structurally 
similar to and continuous with the corpus cavemosum urethrsB. 

The glans penis, which is slightly compressed above and below, has at its 
extremity a vertical fissure forming the external orifice of the urethra {orificium 
urethrcB externum) ; its base, which is wider than the body of the penis, is hollowed 
out to receive the narrowing extremities of the corpora cavernosa ; its border 
is rounded and projecting, and is named the cororui glandis, behind which is a 
constriction of the penis named the coUum glandis. 

The skin of the body of the penis, which is continued from that of the pubes and 
scrotum, forms a simple investment as far as the neck of the glans. Here it projects 
forwards, then turus inwards and backwards o\er the glans, forming a loose fold 
consisting of a superficial and a deep layer of the integument. This fold is the 
prcBfutium or fore-skin. The free anterior border of the prepuce forms a ring 
(the annulus prcBpuiialis maris) which boimds the orificium prceptUii ; while the 
space between the prepuce and the glans is sometimes called the balano-preputial. 
The inner layer of the prepuce is firmly attached behind the cervix ; and from 
thence the integument, becoming closely adherent, is continued forwards over the 
corona and glans, as far as the orifice of the urethra, where it meets with the mucous 
membrane of the urethra. The line of attachment of the prepuce is directed from 
the dorsum obliquely, downwards and forwards, roimd the sides to the imder-aspect 
of the penis, where the two lateral folds of the prepuce unite, and are prolonged 
forwards as a small median fold {the frenulum prceptUii) to within a short distance 
of the orifice of the urethra. The groove between the attachment of the prepuce 
and the corona glandis is known as the sulcus retroglandis or collum glandis. 
On each side of the frenulum, this groove deepens to form the fossa frenuli. 
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Upon the body of the penis the skin ia thin, free from fat, and, in the ant«nor 
two-thirdB of its length, from hairs alBo : in these respects differing remarkably from 
that on the pubea, which is thick, covers a large cnshion of fat, and, after puberty. 
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ia bes«t with hairs. The akin of the penis is, moreover, veiy movable and 
distensible, and is of a darker colour than the skin generally. At the £ree margin 
of the prepuce, the integument changes its character, and approaches that of a 
mucous membrane, being red, thin, and moist. 

Upon the surface of the glans, the integument is firmly and intimately adherent 
to the cavernous tissue of the glans, and presents a bluish-red appearance, due to 
the colour of the blood shining through the thin skin. The surface of the glans is 
usually smooth, but occasionally possesses papillary elevations. 

The itmegma ^(cpufiV, or white creamy material, which tends to collect between 
the prepuce and the posterior part of the glans, is derived from the desquamation of 
the epithelial cells in. this region — few if any glands being found there. 



Fio. S33. — Dissection or rt 

Thp right aide shows ■ auperficial, the left b deeper, view. 

a, 4aiu, with a put cf thr intagnnieiit ■oFrounding it ; b. left half ol the bulb of the eorpiu caTernoaum 
arethriB, expoaed by the iQmay&l of the bulbo-cavemoaiu musole ; «. coccyx ; d. right ischial tuberouty ; 
<; e. oupeificia] perioeal faBCift ; /. fat wcupying the right Lachio-nxstAl f<«fla ; g, gluteus maiiuua numile ; 
1, on the right tftuuvtna parioeal miucLe, behind the euperHcial periaeal artery aA it emeigee ia froot of tht 
muscle ; r, 00 the left aide, on the aurface of the inferior faacis and the uiogeoital disphngm behiod the 
auperficial perineal artery cut short ; 2, on the right isobiD-aaTemoeui muacb, lateral to the aupecficial perineal 
artery and nenea paning fonrarda : 2'. on the left aide, the same venel and nerves divided ; 3, the right 
half of the inferior fucia ; 4. left ischial tuberoeity, lateral to the pudendal artery deep in the ischio'iectal 
loeaa ; S, A', inferior hsemorrhoidal branchea of the pudendal arteriea and nervea ; 6, on the left aido, placed 
in a reoeas from which the inferior fucia has been removed, in order to show the oontinualion of the pudendal 
i^ery, ita branch to the bulb, and Cowper's gland. 

Beneath the skin, on the body of the penis, the superficial fascia is very distinct ; 
it is continuous with that of the groin, and also with the dartos tissue of the sciotum, 
and resembles the dartos in containing non-striped muscular fibres, which are 
mfunly circular in direction. 

Ur>imenta p«itl». — Under this term may be included two layers of fascia : 
a superficial {Ugajnenlum fundiforme penis), and a deep (ligaTnentum susjieruorivm 
penis). The UgameiUumjundtforme arises in the abdomen from the hnea alba and 
the adjacent portion of the aponeurosis of the external oblique muscle, 4 cm. to 5 cm. 
above the symphysis pubis, and extends downwards as a broad band of elastic fibres 
towards the dorsum of the penis, near which it divides into two lateral bundles, which 
pass one on each side of the penis, and are then continued downwards into the 
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8«ptiun of the scrotum. The ligametUum auspensorium lies behind the fundiform 
ligament, and is much amaller : it is triangular in form, its anterior border is free, 
ita upper border is connected with the fore part of the pubio symphyais, and below 
it runs down upon the dorsum of the penis, and blends with the tunicee albuginex 
of the corpora cavernosa penis. 

The integuments of the penis ore supplied with blood by branches of the dorsal 
artery of the pent* and external pudendal 
artery ; the veins join the dorml and external 
pudendal veins. Their nerves are derived 
from the dorsal branches of the pudendal 
nerves and from the iieo-inguinal. The 
lymphatics arise in the prepuce and the 
integument of the glans, and, passing back- 
wards, are joined by vessels from the skin 
of the body of the penis. They unite to 
form several trunks, which lie on the dorsum 
of the penis, and then turn outwards to 
end in the superficial inguinal glands. 

The corpora oavomoBa ponls form 
the principal part of this organ. They are 
two cylindrical bodies placed side by side, 
flattened on their median aspects, and 
closely united and in part blended together 
along the middle line in the anterior three- 
fourths of their length ; whilst at the back 
part, below the ajanphysis pubis, they 

>'ia. 234 Ro<rr or the puiia attached to Separate from each other in the form of 

two bulging and then tapering processes, 
named crura, which, extending backwards, 
are attached to the pubic and ischial 
rami, and are invested by the erectores 
penis or ischio-cavernosi muacles. The 
enlarged portions at the root, named by 
_ _ Kobett the &uf&« of the corpora cavernosa, 
f. corpiu «Teni«um urethiw. '' attain a much greater proportionate develop- 

ment in some quadrupeds than in man. 
In front, the corpora cavernosa are closely bound together into a blunt 
conical extremity, which is covered by the glans penis and firmly connected to 
its base by fibrous tissue. 

The under-surface of the united cavernous bodies is marked by a longitudinal 
groove, in which is lodged the corpus cavernosum uiethrse. The upper or anterior 
surface is also marked with a sUght median groove in which the dorsal vein of 
the penis is situated, and near the root is attached to the pubes by the suspensory 
ligament. 

Stmctur«. — The median septum (septum penis) between the two corpora 
cavernosa is thick and complete near the root of the penis ; but farther forward 
it becomes thinner, and only imperfectly separates their cavities ; for it exhibits — 
particularly towards the anterior extremity — numerous clefts, extending from the 
dorsal to the urethral edge, and admitting of a free communication between the 
erectile tissue of the two sides. From the direction of these slits, the intermediate 
white portions of the septum resemble somewhat the teeth of a comb, and hence 
the partition has received the name of septunt pediniforme. 
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The tnaloa al1rarln«a— the external fibrous inveBtment of the cavernous 
structure— is white and dense, from one to two millimetres thick, and very strong 
and elastic. It is composed for the most part of longitudinal bundles of shining 
white dbres, with numerous well-developed elastic fibres, enclosing the two 
corpora cavernosa in a common covering ; and internal to this, each corpus 
cavemosum is surrounded by a layer of circular fibres, which enter into the 
formation of the septum. 

From the interior of the fibrous envelope, and from the aides of the septum, 
numerous lamellee, bands, and 
cords — composed of fibrous, 
elastic and plain muscular 
tissue, and named trabecuUe — 
pass inwards, and run through 
and across the cavity in all 
directions, thus subdividing 
it into a multitude of inter- 
stices, and giving the entire 
structure a spongy character. 

The trabecuUe, whether 
lamelliform or cord-like, are 
larger and stronger near the 
circumference than along the 
centre of each cavernous body, 
and they also become gradually 
thicker towards the crura. The 
interspaces, conversely, are 
larger in the middle than near 
the surface; their long diameter 
is, in the latter situation, placed 
transversely to that oftbe penis, 
and they become larger towards 
the fore-part of the perns. They 
are occupied by venous blood, 
beingin reality large cavernous 
veins, and are lined by a layer 
of flattened epitheUum similar 
to that lining other veins. 

The intertrabecular spaces 
thus form a labyrinth of inter- 
communicating venous areolce, 
divided bythetrabeculartissue, 
and opening freely from one 
corpus cavemosum to the other through the septum— especially in front . The blood is 
carried away from these spaces by the dorsal vein , which ends In the prostatic plexus, 
and the profunda veins, which are tributaries of the hypogastric veins. Thearteries 
of the corpora cavernosa are the two terminal branches of the internal pudendals : 
namely, the dorsal and profunda branches of the penis, which pierce the tunica 
albuginea to reach the cavernous tissue. Within this tissue, the numerous branches 
of arteries are supported by the trabeculie, in the nuddle of which they run, and 
terminate in branches of capillary minuteness, which open into the intertrabecular 
spaces ; some of the arterial twigs project into the spaces and form pecuUar curling 
and somewhat dilated vessels, which were named by J. MiiUer, hdieine arteries. 
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These are usuallj bound dowa by small fibrous bandS; aud it appears to be doe 
to this circumstance that these projecting vessels acquire a looped or tortuous 
aspect when distended with injection. 
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The ontar oaflioe irxdioibtea ths integument tarrDiiDding the deeper puti ; the eractilfi tiuaes of the earpocm 
ection ; «, plued oa the section of the ipcngy bodj, 
imI artery, *nd k, the nerve of one dde. 

The helicine arteries are most abundant in the posterior part of the corpora 
cavernosa penis, and are found in the corresponding part of the corpus cavemosum 
urethra also; but they have not been seen in the glans penis. They are more 
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distinct in the human subject than in animals, where they are often absent. Small 
capillary branches pass from them to supply the tissue of the enclosing sheath. 
In addition to the blood which passes into the venous spaces from the capillary 



network of the sheath and trabecules, some small arteries are aaii by C. Langer to 
open directly into the larger venous spaces. 

Uaiiy of the small arteries, present localised thickenings of the tuiuca intima 
(lutimapolster of Eberth), which by contraction of the circular muscular fibres can 
obliterate the lumen of the vessels. ' 

The oorpna oaT«rnosniD arethriB is usually described as surrounding the 
whole of the penile portion of the urethra, and presenting a posterior and an anterior 
dilatation known respectively 
as the buCbue urdhrm and the 
glans penis. The bulb lies 
below the fascia diaphragmatis 
urogenitaUs inferior, where it 
is placed between the diverging 
crura of the corpora cavernosa 
penis. Its free, rounded pos- 
terior extremity reaches back- 
wards beyond the urethra to 
within about 2 cm. of the * 
lumen of the anal canal, and 
the bulb also bulges down- 
wards belowthe urethra towards 
the skin of the perineum. The 
uze of the bulb varies according 

to the amount of blood in its Fm- bio.— Sbchon o» th» covrvn oiTiMoaoii onnHfis 
cavernous spaces; but, on an """^ ""'' ™ """"'■ *°"^' 

average, it has a transverse „„™ IZlriT^ofl. ™^3.*!i;i^Z u^rf t^ 

diameter of 2*5 cm. and a macoaa membnoe ; 4. section of u arter;. 

vertical of 2 cm. (see fig. 213). 

Its length cannot accurately be deternuned because it gradually diminishes in 
size as it passes forwards, but it does not gain the ordinary dimensions of its 
middle part until about 3 cm. from its posterior free end. 

It receives a thin investment from the fascia on which it rests, and is embraced 
by the ejaculator urinte, or bulbo-cavernosus muscle. The posterior extremity of 
the bulb exhibits, more or less distinctly, a subdivision into two lateral portions or 
lobes, separated by a slight furrow on the lower surface, and by a slender fibrous 
partition within, which extends for a short distance forwards ; in early infancy 
this is more marked. It is above this part that the urethra, having pierced the 
inferior fascia, enters the bulb, surrounded obliquely by a portion of the cavernous 
tissue, named by Eobelt the colliculus buBn; from which a layer of venous 
erectile tissue passes back upon the membranous and prostatic portions of the 
urethra to the neck of the bladder, lying closely beneath the mucous membrane. 
At first, the urethra is nearer the upper than the lower part of its corpus 
cavemoeum, but it gradually gains, and continues to occupy,* the middle of that 
body, ^ 

The part of the corpus cavemosum urethree, which lies between the bulb and 
the glans, forms a fairly uniform cylindrical investment for the urethra, and 
has a diameter of about 10 mm. 

The glans penis forms a conical mass with an anterior blunt apex and a concave 
base, which fits hke a cap over the anterior extremities of the corpora cavernosa 
penis. 

From the lesearchee of Ritterer (' Sot Is devSloppement du penis et 
hnmaiiu,' Jour, de rArtat. et dela Phya., 1892), Fonter (■ Beitraga zi 
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mannlichen Geschlechtsorgane des Menschen/ Zeit. /. Morph.^ Bd. vL, 1903), and Lichtenberg 
(' Beitrage zor Histologie, mikroskopischen Anatomie iind Entwickelungsgeschichte des Urogeni- 
talkanals des Menschen und seiner Driisen,' Anai. Hefte, Heft 93, 1906) there appear to 
be good reasons for describing the cavernous tissue of the glans as the corpus caveryiosum 
glandis rather than as a part of the corpus cavemosum urethrcs. It is developed as an 
independent structure, and its cavernous tissue becomes connected with that of the corpus 
cavemosum urethrse by dilated veins and not by direct continuity of cavernous tissue. 

Structure. — This is essentially the same as that of the corpora cavernosa 
penis, but with a much less developed fibrous framework. Like the penile portion, 
it is distended with blood during erection, but it never acquires the same rigidity ; 
the fibrous tunic (fig. 240, 1) is much thinner, is less white in colour, and contains 
more elastic tissue ; the trabeculse are finer and more equal in size ; the areolae are 
smaller, more uniform, and directed for the most part with their long diameter in 
the line of that of the penis ; in the glans, the meshes are smallest and most uniform. 
Plain muscular fibres immediately surround the canal of the urethra, and also form 
part of the external coat of the cavernous substance. 

Blood-T6M6Ui. — Arteries. — A considerable artery, derived from the internal 
pudendal, enters the bulb on each side, and supplies the greater part of the cavernous 
body, sending branches as far as the glans penis, but this part is chiefly supplied by 
branches from the arteria dorsalis. Besides these, there is another, but much smaller, 
branch of the pudendal artery, entering the bulb on the upper surface, about an inch 
from its posterior extremity, and running forwards in the corpus cavemosum to the 
glans (Kobelt). The arteries open into the venous spaces chiefly, if not entirely, by 
the intervention of capillaries. Veins issue from the glans and adjoining part of 
the spongy body, to end in the vena dorsalis penis ; those of the rest of the cavernous 
body for the most part pass backwards through the bulb, and end in the prostatic 
and pudendal venous plexuses ; some emerge from beneath the corpora cavernosa 
penis, anastomose with their veins, and end partly in the cutaneous veins of the 
penis and scrotum, and partly in the obturator veins. 

The lymphatics of the cavernous tissue are described as issuing from the 
cavernous bodies and passing under the pubic arch with the deep veins, but their 
termination is not known. 

The nerres of the erectile parts of the penis accompany the blood-vessels, and 
consist of both vaso-dilator and vaso-constrictor fibres. They come from both 
lumbar and sacral nerves. The exact path, in the human subject, of the fibres 
corresponding to the nervus erigens (vaso-dilator) of the penis of the dog is not 
known, but they arise from the sacral spinal nerves — probably the third and 
fourth. 

URETHRA VIRILI8. 

The male iirethra extends from the neck of the bladder to the extremity of the 
penis. Its total length when moderately stretched is about 20 cm., but it varies 
with the length of the penis, and the condition of that organ. Except during the 
passage of urine or semen, the walls of the canal are in close apposition, the outline 
of the urethral cleft being vertical in the glans penis, transverse in the body of the 
penis, and crescentic about the middle of the prostatic part. Its diameter when 
moderately distended diflers at diflerent parts, as will be stated more particularly 
hereafter. The tube consists of a continuous mucous membrane, supported by an 
outer layer of submucous tissue, connecting it with the several parts through which 
it passes. The urethra may be divided into two parts : a urinary and a urogenital. 
The urinary portion is about 1*5 cm. to 2 cm. in length, extends from the vesical 
orifice to the openings of the common ejaculatory ducts, and is formed from the 
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caudal part of the endodeimal sinus urogenitalis. The urogenital part, as its 
name implies, serves as a channel for both the urine and the spermatic fluid. It 
comprises the remaining and much the longer division of the urethra, and is derived 



Fm. 241.— Medun aicnos or the male rsixa and nBn^Eu. Thre«-fiftlu aatunl size. (J. Symington.) 
1 ; a, glwia penis. For other reference*, aee llg. IIH. 



262 UBOGENTTAL SYSTEM 

from the ectodermal sinus urogenitalis. The uiethra may also be divided, according 

to its position, into pelvic, 
diaphragmatic, perineal, and 
penile ; but more commonly, 
' its divisions are baaed upon 

ita relations to the surround- 
ing structures, and comprise 
Intramural, prostatlo, 
membranotui, and oaver- 
noas portions. 

The intTamnral por- 
tion traverses the wall of the 
bladder, and is surrousded 
hj the sphincter vesics in- 
ternus of Henle, or sphincter 
urethrte Itevis of Waldeyer — 
a muscle formed by the deep 
fibres of the trigone of the 
bladder, which pass forwards 
on each side of the urethra 
and unite in front of it. 
These fibres run obliquely 
from behind forwards and 
downwards, so that they 
unite anteriorly somewhat 
below the internal orifice of 
the urethra, which is bounded 
in front above the sphincter 
by the circular fibres of the 
bladder. When the bladder 
is contracted, this portion 
of the urethra is about 1 om. 
long, but its length is di- 
minished by distension of the 
bladder. 



Flo. 342.— Te« uiwBR FiBT o: 

■cnnmnopg. Am iitlboi 

FEOM ABOTK. (AIleQ Thot 



A portiol of the vbll of the bUdder uid the uitericr port of 
tlw proatkte gbod have been temond. the oorpon caTemou penis 
b«Te beeo Mpuitted in the middle line uid turned to the lide. uid 
the orethra hu beea alit up ; the bulb ia kefteatire below, uid npoD 
■ad behind it the gUads ot Cowper with their duote luve been 
eipOMd. I, placed in the middle of tbe tngooum veeiue ; h, u. 
oblique ftpertnrea of the nreten; from tbeaean^mtioiiofthewall 
ofthe bladder isBhownnuiiLing down tout, the uvnla reucn ; ^. the 
longitudinal muacnlar flbfw of tbe bladder pAHiog down upon tbe 
pralkte ; « D. the drculu fihtea of tbe aphiiiotei ; p, tbe glandular 
part of tbe prmlote ; p', the proatatio portion of tbe orethn ; from 
tbe UTula mka a median ridge ia aeen deecending to the eollioulua 
eeminalia in which « iodioatea the openiDg of the proetatio utricle, 
and d, that of one of the ejacnlatory ducts ; m. the oommeneement 
of tbe membranoua portitm of the urethra ; b, the bulb of the oorpua 
caTemoaum urethne ; b', the bulbous port of the urethra ; c. one 
of Cowper's glanda ; c ^ c li, courae and orifice of ite duct lying 
upon the bulb, and paaiing forward between tbe caTemoua body 
and the urethra, into which it opens ; c c, one o( the corpora 



OpiniooB difier «a to the ok- 
pocity of the internal Bphincter. 
According to Finger {Alleg. 
Witno' mtd. ZeOaeh., 1893), it 
CAD withstand tbe pressure of a 
moderate Mnoiinl of urine, but 
when tbe bladder becomes fully 
distended it yields, and a funnel- 
shaped dilatation of the urethra 
is formed, the base of which is 
continuous with the cavity of the 
bladder, and the apex is near the 
lower end of tbe prostate, where 
the external vesical sphincter 
begins. This view is contrary 
to the experience ot anatomists 
who often meet with cases of 
conniderahle distenaioa of .the 
bladder with a closed vesical orifice, and it is not auppoitod by the eiperimenta of Leedbam- 
Groen (' On tbe Vesical Sphincter and the Mechanism of tbe Closure of the Bladder,' Bril. 
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Mtd. Jour,, A[ail II, 1906). who iujected the bladder during life with a fluid oontaining 
bimiDth, (uid then nHUogmphed the pelvis. 

1. The prostatic portion is the part which passes through the prostate gUnd. 
It is about 2*5 cm. in length, and is the widest and moat dilatable part of the canal 
— eapeoially in its middle portion. Its direction is vertical, oi nearly so. The trans- 



yiQ. a*3.— COHOKU, BKOTION Of THH FILVlfl 0» i MiH, AOID FOETV VEIBS, FAS 

rtnttUVRil, FBOSTATIO. AND MEHBIUJIODS POBTIONa OT TBI UBITKXl. 

Nfttarsl aiiB. (J. Symington.) 

Tbo muBoutu And coDDectiTe tisBuo below th& pnatAte and pubo-uiAl portiooji of the Iflvstorefl vii and 
aboTB the bglhui urethra uid the wihiD-UTerDoei mugcleg form the diaphngma urogemtslis. This duphragin 
ii bounded below by the iaferior tsecia sod ebon by the eaperior iaaea, and is tcavereed by the membraaouB 
poTtion of the orethrBi »nd bj the pudendal blood-yoweta end nerves. 



Terse section of the urethra, as it lies in the prostate, is curved with the convexity 
forwards. The coUiouliig seminalis [cajnU gallinaginis or verumonUmum) is a narrow 
median ridge about 15 mm. long, and measuring in its greatest height about 6 mm., 
which projects from its posterior wall. This ridge rises into a peak and sinks down 
at its two extremities, the upper of which may be continuous with the uvula vesicK 
at the opening into the bladder. It is formed by an elevation of the i 
membrane and subjacent tissue. 
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Tia. S44. — HouzONTiL biotioh or HXLi riLva rusma thsodor tbb rarKiinnui, roanoH or lai 
nBemKl. The rectam vta diiteaded with fiecea. Natnral nize. (J. Symington.) 
F.Sp, pubic Bymphyok j O.L, obtnntor mt«TDna muide ; l-A., [sT&toT uil moBole ; p.t., proflt&tjc pieiv 
of Teju i F. ntro-pabio pad of lat ; r, behind nreUira i B, uitarior vail of reotnin j t.d., duotni delcrem 



vernomm ptnu 



tpartcfUratorat 
vTtt/im 



Fia. 24S. — HooizoNTU. sionon thbohqh the fbobtitb, orroaiTE the OFETmaa or te 
DOTS IKTO THK DKETBKi. Natural aiie. [J. SymingUlL) 
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On each side of this ridge, the surface is slightly depressed, so as to form 
a longitudinal groove, named the prostatic sinits, the floor of which is pierced by 
numerous foramina, the orifices of the prostatic ducts. Through these, a viscid 
fluid oozes out on pressure ; the ducts of the middle lobe open above the urethral 
crest, and some others open below it. 

In 1836, E. H. Weber advanced the theory that the colliculus seminalis by its erection daring 
the ejaculation of the semen prevented this fluid from passing backwards into the bladder, and 
this view as to its function is still prevalent ; but there is little or no cavernous tissue in the 
colliculus, and the other anatomical relations are not such as to facilitate this action. The semen 
is probably prevented from passing backwards into the urethra by the sphincter vesicae muscle 
{see G. Walker, * Beitrag zur Kenntniss der Anatomie und Physiologic der Prostata nebst 
Bemerkungen iiber den Vorgang der Ejaculation,* Arch. f. Anat., 1899). 

Utriculus prostatious. — At the fore-part of the most elevated portion of the 
crest, and exactly in the middle line, is the orifice of a blind recess, upon or within 
the lateral margins of which are placed the slit-like openings of the common seminal 
or ejaculatory ducts, one at each side. This median opening leads into the lUricultM 
prostatumSy which has been named also sinus "pocularis and uterus masculinus. It 
was first described by Morgagni, and corresponds to the vagina and uterus in the 
female, its prominent lateral Ups being supposed to represent the hymen. ' 

The utricle (see fig. 245) forms a cul-de-sac, running upwards or backwards, for a 
distance of 6 nam. to 12 mm. Its orifice forms a longitudinal cleft about 2 mm. or 
3 mm. in length ; but the utricle increases somewhat in diameter towards its farther 
end or fundus. The narrow portion runs in the urethral crest, and its fundus lies 
behind and beneath the middle lobe, and in some cases reaches to the posterior 
surface of the prostate gland. Its walls which are distinct, and of some thickness, 
are composed of fibrous tissue and mucous membrane, together with a few muscular 
fibres, and enclose on each side the ejaculatory duct ; numerous small ramified 
and convoluted glands open on its inner surface. The epithelium is columnar, and 
is by some authors stated to be ciliated. There are small glands opening into its 
cavity near its entrance into the urethra. 

While the two Miillerian ducts normally atrophy in the male, and their fused caudal ends 
are represented merely by the utricle, a number of cases have been recorded in which these 
ducts undergo a marked development and unite to form an organ which exhibits a distinct 
division into uterus and vagina. The uterus may be as large as in the adult female, and 
differentiated into a body and a cervix — ^the latter having a well-marked arbor vitae, while 
the vagina is provided with rugous walls. In these cases, the uteiiis projects into the pelvic 
cavity between the bladder and the rectum, and has a broad ligament. The uterus is often 
two-honied, but the tubte uterinse are nearly always very rudimentary. The external genitals 
may be of the normal male type, so that the condition may not be discovered except during 
an operation or in the post-mortem room. 

2. The membraneous portion of the urethra comprises the part between the 
apex of the prostate and the bulb of the corpus cavernosum urethrfie. It is termed 
by Waldeyer the pars trigonalis, as it lies in the trigonum urogenitale of the pelvic 
floor. It is about 1 cm. in length, and its lining membrane is thrown into nimierous 
longitudinal folds when its lumen is closed. It is directed downwards and slightly 
forwards beneath the pubic arch, the anterior slightly concave surface being 
distant about 2 cm. from the pubic symphysis, leaving an interval occupied by the 
dorsal vessels and nerves of the penis, by areolar tissue, and muscular fibres. Its 
posterior convex surface is turned towards the rectum, and is related to the bulbo- 
urethral or Cowper's glands. Above, is the prostate and the superior fascia of the 
urogenital diaphragm and below the inferior fascia separating it from the bulb 
(see fig. 243). Its lower end, where it pierces the inferior fascia, is the narrowest 
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and least dilatable part of the urethra. Outside the submucous coat, there are non- 
striped muscular fibres, consisting of internal longitudinal and external circular fibres. 
These fibres are continuous above with those of the prostate, and below end 
mainly in the framework of the bulb. Continuous with the outer aspect of the 
non-striped fibres is the deep transverse perineal muscle, which is striated, and 
forms the sphincter urethrse striatus of Waldeyer. 

3. The oavernons portion of the urethra, by far the longest and most variable 
in length and direction, includes the remainder of the canal, or that part which is 
surroimded by the erectile tissue of the corpus cavernosum urethrae. Its length is 
about 15 cm., and it extends from the urogenital diaphragm to the orificium 
urethrse externum. The direction of the cavernous portion of the urethra varies 
in different parts of its course, and under different conditions. Thus it inclines 
forwards and downwards for a short distance above the bulb, and then turns 
forwards and somewhat upwards to about the middle of its length, where in the 
flaccid condition of the penis it usually bends sharply downwards to the external 
orifice (see fig. 241). During erection of the penis, or when this organ is drawn 
forwards, as in passing a catheter, this temporary curve is obliterated, and the 
cavernous part is straight from the external orifice to the neighbourhood of the 
bulb. The part contained within the bulb — sometimes distinguished as the 
bulbous fortion, or smus — is somewhat dilated. The succeeding portion, as far as 
the glans, is of imiform diameter, being intermediate in this respect between the 
bulbous and membranous portions. The cross-section of its canal appears like a 
transverse slit. The canal of the urethra in the glans has, on the contrary, when 
seen in a cross-section, the form of a vertical slit ; in this part, which is about 
1 cm. in length, the canal is again dilated, forming what is named the fossa 
navicularis. 

Lastly, at its orifice — which is a vertical fissure 5 nun. to 6 mm. in extent, and 
bounded by two small lips — the urethra is again contracted. From the resistant 
nature of the tissues at its margin, this opening does not admit so large a sound 
or catheter as the other parts of the urethra, with the exception of the junction 
of the bulbous and membranous portions. 

The corpus cavernosum urethrse which surroimds this part of the urethra has 
been described in the account of the anatomy of the penis. Between this body and 
the mucous membrane there are a few scattered muscular fibres. 

The mnoous membrane of the urethra is lined by several layers of epithelium, 
which varies in different parts of the urethra (see Vol. II., Pt. 1). The epithelium 
rests on a basement membrane. Outside the mucous membrane, there is a layer 
of convoluted vascular tissue ; and external to this structure, from the internal 
orifice to the bulb, is a double layer of plain muscular fibres, the inner disposed 
longitudinally and the outer circularly. 

As already mentioned, the muscular fibres surrounding the urethra are collected in two 
situations, so as to form sphincters : namely, in the intramural and membranous portions ; 
and the experience of surgeons in cases of removal of the prostate tends to show that either 
can act as a sphincter and prevent incontinence of urine. 

The whole lining membrane of the urethra, except near the external orifice, is 
beset with small racemose mucous glands and follicles, commonly named the glands 
of Littre, the ducts of which pass obliquely forwards through the membrane. They 
vary much in size and in the extent to which their cavities are ramified and saccu- 
lated, some being quite simple. Besides these, there are larger recesses or lacunrB, 
opening by oblique orifices turned forwards, or down the canal. These are most 
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abundant along the roof of the urethra, especially in its bulbous part. One large 
and conspicuous recess, situated on the upper surface of the posterior part of the 
fossa navicularis, is named the lacuna magna or sinus of Guerin, A median fold of 
the mucous membrane separating this lacuna from the lumen of the urethra has 
been named the valve of the fossa navicularis. 

Stratified concrements, like those met with in the prostate are also found in old subjects in 
the glandular recesses of the urethra (Robin and Cadiat). 

CuTTatnre of the nrethi^a. — The urethra forms a somewhat S-shaped curve 
in the flaccid state of the penis. The anterior curve is due to the pendent position 
of the penis, and can readily be obhterated by drawing this organ upwards and 
forwards. The posterior curve has its convexity directed backwards and down- 
wards, and it is often described as the pars fixa urdhrce, although it can be obliterated 
without any permanent injury — as in the passage of a straight catheter into the 
bladder. It owes its usual fixation mainly to its connexions with the pelvis through 
the pubo-prostatic ligaments, the superior and inferior fasciae of the urogenital 
diaphragm, and the suspensory ligament of the penis. The most fixed part of the 
curve is where the urethra traverses the urogenital diaphragm, i.e. the membranous 
portion. The urethra above this diaphragm (prostatic and intramural portions), and 
that part situated below and in front of the perineal division of pars cavernosa 
urethrse, are more subject to variations in position : the former according to the 
condition of the bladder and rectum, and the latter on the amount of fat in the 
mons pubis and the condition of the suspensory ligament. A distension of the 
rectum pushes the prostatic urethra forwards and upwards ; while with a distended 
bladder and an empty rectimi, the urethra is moved downwards and backwards 
and also shortened. In thin subjects, the anterior limb of the pars flxa is not carried 
80 far forwards in thin as in stout individuals (compare figs. 210 and 211). 

Traced from the front, the pars fixa of the urethra usually passes backwards, 
with a slight inclination downwards, until it reaches the bulb, which is the most 
dependent part. At the bulb, the urethra generally makes a rather sharp bend 
upwards before passing through the inferior fascia. The membranous and prostatic 
portions of the urethra are approximately vertical in direction, but they often 
form a slight curve with the convexity backwards. Near the bladder, there is 
sometimes a sharp bend from below upwards and forwards — especially in cases of 
enlargement of the middle lobe of the prostate — so that the point of a catheter 
requires to be tilted well forwards in order to get it into the bladder. (For further 
details and references to literature, consult F. Merkel, * Ueber die Kriimmung 
der Pars fixa urethrse,' Anat. Anzeig,, Bd. xxiii., 1903.) 

Calibre of the nretbra. — As the urethra is a closed tube with a more or less 
folded lining membrane, the calibre is indicated by the size of the stream of urine 
during micturition. The general calibre may be estimated by the size of catheter 
that can be passed along the urethra in the living body without injury to its 
walls ; and the relative dilatability of its different parts can be determined after 
death by making casts with fusible metal. The adult urethra should permit of 
the passage of an instrument 10 mm. in diameter as a maximum. Eberth 
gives the diameter of a metal cast as 4*5 mm. at the union of the bulbous and 
membranous portions ; at the external orifice, 5 mm. to 7 mm. ; in the 
middle of the prostatic urethra, 11*3 mm.; and opposite the bulb, 16*8 mm. 
The semen probably collects in this dilatation of the bulbus urethrse before 
ejaculation. 

Variations of penis and nretbra. — The prepuce may fail, more or less 
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oompletely, to develop. In the condition known as phimosis, the prepuce cannot 
be retracted so as to uncover the glans. Sometimes this is due to the prepuce 
being imusually long and the annulus prseputialis contracted ; more commonly, 
however, it arises from a persistence of the fetal condition, when the opposing 
surfaces of the glands and the prepuce are united by epithelium. This is often 
described as adherent prepuce or congenital phimosis (see Berry Hart, * On the 
Hole of the Developing Epidermis in Forming Sheaths and Lumina to Organs, 
Illustrated especially in the Development of the Prepuce and Urethra,' Jowr. 
AncU. and Phys., vol. xHi., October 1907 ; and F. Wood Jones, ' The Development 
and Malformations of the Glans and Prepuce,' Brit. Med. Jour., January 15, 
1910). 

There may be a defective development of the urethral wall, so that a fissure 
extends backwards from the meatus along the upper surface of the penis, giving 
rise to the condition called epispadias, or the cleft may be on the imder-surface 
(hypospadias). In epispadias, the fissure may be limited to the anterior part of the 
penis, or extend along its whole length and be combined with ectopia vesicae. It 
is supposed by some to be due to a rupture of the cloacal membrane ; by others, to 
a persistence of the caudal end of the primative groove. Hypospadias is usually 
limited to the glans, but may pass backwards on the under-surface of the body of 
the penis and even reach the perineum. Hypospadias is due to a failure of union of 
the two lips of the median groove on the under-surface of the genital tubercle. 
If it be combined with a small penis and a non-descent of the testes, the external 
genitals may simulate those of the female. In rare cases, epispadias and 
hypospadius may be combined and form a cleft penis. 

OlandnlaD bnlbo-nrethi^ales (Cowper's glands). — These two glands he 
just above the posterior end of the bulb, from which they are separated merely 
by the inferior fascia of the urogenital diaphragm. In front of the glands 
is the membranous portion of the urethra, and their median surfaces are 
almost in contact. The artery to the bulb runs forwards and inwards, being 
first external to, and then below, the gland, and in its course gives one or 
more twigs to the gland. The fibres of the compressor urethrsB he above and 
behind it. 

The gland is of firm consistence, of a yellowish colour, and is generally compared 
in size to a pea. In young adults, it measures nearly 1 cm. in both the transverse 
and antero-posterior diameters, and about 5 mm. from above downwards. It 
appears to atrophy in old age, and one or both may be absent. Each gland is 
provided with a duct about 3 cm. in length, which Ues first between the bulb and 
the membranous urethra, next in the cavernous substance, and then beneath the 
mucous membrane, and terminates in the floor of the bulbous part of the 
urethra by a minute orifice. 

These glands are compound racemose, and consist of several lobules held 
together by a firm investment. This latter, as well as the walls of the ducts, 
contains muscular tissue. The glands secrete a viscid fluid — the use of which is 
not known. 

Occasionally, there is a third glandular body in front of, and between, Cowper's glands ; this 
has been named the anterior prostate or ante-prostatic gland. 

PROSTATA. 

The prostate gland (figs. 241, 243, and 245) is an organ connected with both the 
urinary and male genital ducts, but it primarily belongs to the latter, being one 
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of the accessory male organs of generation. It atrophies in the adult after the 
testicles are excised, and when these organs are removed in infancy it remains 
undeveloped. In animals it enlarges, like the testicles, during the breeding 
season. 

It is a firm, glandular, and muscular body, comparable in size and shape to a 
chestnut, situated in the pelvis, and traversed by the prostatic part of the urethra 
and by the common ejaculatory ducts. It has a base, an apex, an anterior convex, 
and a posterior flat surface. The base is situated immediately below the neck of 
the bladder. Its central portion, which surrounds the urethra, is continuous with 
the bladder, while the peripheral portion is separated from this organ by a deep 
groove, occupied mainly by a plexus of veins. Dixon has shown that this groove is 
horizontal posteriorly ; but on each side it slopes from behind forwards and down- 
wards. The apex rests on the urogenital diaphragm. The posterior surface consists 
of an upper and a lower portion, which are separated from one another near the 
median plane by the fissure containing the ejaculatory ducts. The small upper 
portion is in relation with the ductus deferentes and the seminal vesicles, while the 
lower and larger portion is in contact with the rectum. This lower part is flat or 
sometimes concave, and is the part of the gland which can be felt per rectum. 
The anterior surface is convex from side to side, and consists of two lateral portions^ 
separated in front by a rather ill-defined anterior border or median portion. On 
each side, this surface is rounded and prominent, and covered by the pubo-anal 
part of the levator ani muscle, external to which is the obturator intemus muscle. 
The median part is placed about 10 mm. to 15 mm. behind the lower portion of 
the pubic symphysis, from which it is separated by some fat, fascia, and a plexua 
of veins, and the pubo-prostatic ligaments. The urethra passes through the 
prostate from its base to its apex in the median plane, and rather nearer the 
anterior than the posterior STirface, being generally about 6 mm. from the former 
and nearly 12 nam. from the latter. The prostate is also pierced by the twa 
common ejaculatory ducts, which enter at a median depression situated at the 
upper part of the posterior surface, and, passing downwards and forwards in 
close contact with one another, open on the posterior wall of the prostatic portion 
of the urethra. In a median section (fig. 241), the prostate is therefore seen ta 
be divisible into three parts : one in front and two behind the urethra. Of the 
two posterior portions, one hes above and in front, and the other below and 
behind, the channel for the ejaculatory ducts. 

The prostate is usually described as consisting of three lobes : two lateral and one 
median. The lateral lobes form the great mass of the gland, and are united with one 
another in front of the urethra, and also behind the urethra, below the ejaculatory 
ducts. The middle lobe lies behind the upper portion of the urethra, below the apical 
portion of the trigone of the bladder and above the common ejaculatory ducts. At 
the sides, it passes without any line of demarcation into the lateral lobes. This 
part of the prostate is of considerable surgical interest since, when enlarged, it 
may seriously interfere with micturition. Its title to be regarded as a distinct ' lobe '' 
is disputed: Sometimes it projects backwards, as a rounded prominence, between 
the bladder and the ductus deferentes ; but, according to H. Thompson, this only 
occurs when it is pathologically enlarged. According to J. Griffiths, it contains, in 
some subjects, glandular tissue, and the ducts of the glands are distinguishable from 
those of the lateral lobes by opening on the posterior surface of the upper part of 
the prostatic urethra in and near the middle line. In other cases, neither glandular 
tissue nor ducts are present in this position. The prostatic part of the urethra 
receives not only the openings of the seminal and prostatic ducts, but also, as has 
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already been more particularly described, that of a small blind recess, called the 
prostatic lUricle, which passes backwards in close relation with the ejaculatory ducts. 

Size and weigrht. — The longest diameter of the prostate is the transverse, 
which measures, near the base of the organ, about 35 mm. ; its vertical extent is 
about 30 mm., and its antero-posterior nearly 20 mm. These diameters, however, 
are liable to alteration, according to the condition of the bladder and rectum. Thus 
distension of the bladder tends to diminish its vertical extent, while a dilatation of 
the lower part of the rectum will compress the organ from before backwards, and 
increase its vertical and transverse diameters. Its average weight is about 20 grms. 
to 25 grms. 

Structure. — The prostate gland is covered by a strong layer of fascia forming 
the sheath of the prostate. This sheath is a part of what is often termed the visceral 
pelvic fascia. On the lateral aspect of the prostate (see fig. 243), the sheath invests 
veins lying in the groove at the jimction of the prostate and bladder, and above 
these veins it becomes continuous with the thinner fascial covering of the bladder. 
External to the lateral portion of the sheath is the levator ani. At the apex of the 
prostate, the sheath sends outwards a layer which passes below and in front of the 
levator ani as the superior fascia of the urogenital diaphragm. The sheath investing 
the vesico-prostatic plexus of veins extends upwards and outwards on the visceral 
surface of the levator ani, as the lateral true ligament of the bladder, to the white 
line or arous tendineus of the pelvic fascia. At the posterior part of the lateral 
aspect of the prostate, the sheath is continuous with the fascia on the side of the 
rectimi (see fig. 245), and it also extends inwards, forming a strong covering on the 
posterior surface of the prostate, and a thinner layer on the front of the rectum. 
This sheath on the back of the prostate is continuoiis above with the fibrous invest- 
ment covering the ductus deferentes and the vesiculsB seminales, while below it 
joins the superior fascia. The fascial relations on the front of the prostate are more 
complicated. In the median plane, a thin and on each side a thicker band of fascia 
extends backwards from the pubic bones to the prostate, forming the ligamenta 
jmbo-jtrostaticum medium et later alia. These ligaments join the prostate a little 
below the union of the prostate and bladder, and above their attachment a small 
part of the prostate is covered by the vesical sheath. Below these ligaments, there 
is an area on the prostate which hes in relation with a mass of fibrous tissue, 
mixed with some non-striped muscular fibres, in which are embedded a plexus of 
veins. This tissue extends downwards to the superior fascia, and outwards to the 
levatores ani muscles. Internal to the prostatic sheath, is the prostatic capsule 
which forms a layer of fibro-muscular tissue about 1 mm. thick, and is closely 
adherent to the prostatic tissue. The prostatic plexus of veins do not lie 
between the sheath and the capsule, but are embedded in the sheath (Thomson 
Walker). 

The proper substance of the prostate is composed of glands embedded in a 
stroma consisting mainly of muscular tissue. This muscular tissue forms an 
external layer below the fibrous sheath, and extends everywhere through the 
glandular substance. The part of the prostate in front of the urethra is almost 
entirely muscular, and consists partly of striped fibres forming the sphincter vesic® 
externus of Henle ; in the hinder part, the muscular tissue is best developed nejir 
the bladder. 

The glandular substance is spongy and yielding ; its colour is reddish grey, or 
sometimes of a brownish hue. It consists of numerous tubular alveoli, arranged to 
form forty to fifty lobules, the ducts from which open by from twelve to twenty or 
more orifices upon the floor of the urethra, chiefly in the hollow on each side of the 



PROSTATE 271 

coUioulus seminalis. The epithelium is shortly columnar or vertical throughout, 
and there is a second layer of small cells next to the basement membrane. In 
the upper part of the gland, the acini are smaller and more saccular ; in the middle 
and lower parts, the tubes are longer and convoluted at their ends. The capillary 
blood-vessels form a close network, as in other similar glands, on the ducts and acini, 
and the different portions of the gland are united by areolar tissue, and supported 
by processes of the deep layer of the fibrous capsule and by the muscular stroma. 

Blood-vesselSy lymphatics, and nerves. — Arteries. — The principal 
artery to the prostate is the inferior vesicle ; it occasionally gets branches from the 
superior vesicle and inferior hsemorrhoidal, and the internal pudendal gives a few 
twigs, which enter near the apex of the gland. The vessels ramify in the capsule, and 
send branches between the lobules, and from these, smaller branches pass into the 
lobules and supply the glandular tissue.^ The veins pass partly towards the surface 
of the gland and partly to the submucous coat of the urethra. The larger veins 
are found in front of the prostate and on each side between the prostate and the 
bladder. From this plexjis vesico-prostaticus, the blood reaches the pudendal vein 
by the inferior vesicl^I^TThe lyn&phatlo vessels are abundant in the prostate ; 
they end in a lymphatic gland near the obturator canal and in the hypogastric 
glands. The nerves come from the hypogastric plexus, and along the lateral 
borders of the gland there are nimierous nerve-cells. 

Beoretlon. — Examined after death, the prostatic fluid has a milky aspect, due to the 
admixture of a large number of epithelial cells ; but, during life, it is probably more transparent. 
It is not a mucous secretion but, according to Adams, the fluid has an acid reaction, and presents, 
under the microscope, numerous granules, epithelial cells, and nuclei. Some of the granules 
are composed ol lecithin (Fiirbringer, Jena. Sitzungsib,, 1881). It appears to be an important 
constituent of the seminal fluid, having a stimulating action on the movements of the 
spermatozoa. 

Peculiarities aooordinv to ag'e* — The prostate is very small at birth, and it remains 
comparatively so until puberty, when, in common with the other generative organs, it undergoes 
a considerable increase in size. It is frequently the seat of a pseudo-hypertrophy of its glandular 
tissue in old age. 

The glandular tissue of the prostate is developed by epithelial outgrowths from the posterior 
wall of the urethra at the sides of the orifices of the primitive genital ducts, both MuUerian 
and Wolffian (Griffiths). These gland-tubules grow outwards to form the lateral lobes of the 
prostate, and by their extension forwards and inwards, may meet in the median plane in front 
of the urethra. The amount of gland -tissue in front of the urethra is very small in the child, 
and in some cases it is not developed in this situation at any period of life. Griffiths considers 
that the median lobe, when present, is not formed by a fusion of the lateral lobes behind the 
urethra, but arises independently by median outgrowths from the upper part of the posterior 
wall of the urethra. The prostate exhibits a marked tendency to undergo enlargement in 
old age, and its tubules frequently contain small laminated bodies, which gradually become 
calcified. 



ORGANA GENITALIA MULIEBRIA. 

The genital orgstns in the female consist of a pair of glands called the ovarieSy 
and of certain passages leading from the peritoneal cavity to the exterior. These 
passages may be divided into a pair of lateral ducts, the tubw uterince (Fallopian 
tubes) and a single median passage, which consists of three main portions, named 
from above downwards, the tUerus, vagina, and urogenital space or pudendal deft. 
Fig. 246 shows diagrammatically the general relations of these parts. The structures 

1 G. Walker, * The Blood-vessels of the Prostate Gland/ Atner, Jour, Anai,, vol r., 1906. 
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which bound the urogenital space constitute the external genitals, while thoee above 
the hymen are the internal geniUde. 



Tin. !!M.— DuoKAM or miu.* aiNiTAL rtaaAota. ModiSed from Heole. (J. S;miiigtaD.) 
o.» ovmrj ; p*., parorutum ; t^t,, tuba ateriiu [FaJloppii] ; p'., infandibuJam tabn aUrinB ; A., &tDpaO> 
tube uterinis i l, iitlimiu tuba utetiiw ; r.. fnndo* of ut«ru> ; >., cavity of bod; of Dtenu ; LO., orifidiuii 
iDternom uteri i a. cavity of cerrii of aterna ; i.o., oriHclDin extemnm uteri ; va.. Tagina ; e.. hynuo ; 
v., orifice of oretbra ; v., Testibule ; M., labium oiiDiu ; l-h., labioro majui ; r., pudendal or vulval dcfU 
The paaaage from o. to r. constitatea the urogeiuta] ipace. 

OVARIA. 

The oT&ries (ovaria) are two ductless female glands, homologous with the 
testicles in the male. They contain numerouB ova which are embedded in closed 
sacs known as the Graafian lolUcles (folliculi oophori). Ova are discharged from 
the ovaries by the periodic rupture of the Graafian follicles and the escape of their 
cont«nts into the peritoneal cavity — a process known as ovulation. 

Sbspe and >lz«. — Each ovary is a somewhat fiattened oval body and possesses 
a median and a lateral surface, an upper or tubal and a lower or uterine extremity, 
a posterior free convex border (margo Uber), an ant«rior attached border (margo 
mesovaricus) , and a hilum at the mesovarian border for the entrance or exit of blood- 
vessels, &c. The ovary is about 25 mm. long, 15 mm. broad, and 10 mm. thick ; 
but it not only varies in size in different individuals, but also in the same subject, 
according to the state of its functional activity. 

Position and relations. — The position of the ovary is by no means constant, 
and opinions are divided as to the condition which is to be regarded as normal. 
According to His,* Waldeyer,' and the majority of recent observers, the ovary 
in the adult nuUipara is placed against the side wall of the pelvis, with its long 

1 ' Ueber Pneparale lum tiitni visceruro,' u.g.v., Arei.f. Anat,, IS7S ; and 'Die I^ge der Eieotecka 
in der weibL Leicbe,' Arch. f. AnaL, ISSI. 
^ Dot Beetn, Boan, ISeS. 
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axis vertical, in the erect pcsition of the body. Eolliker,' however, descrihes it as 
lying obliquely in the pelvis with its long axis parallel to the eztemal iliac vessels, 
and Hasse,' while admitting that the ovary may be considend asnormally occupying 
the position described by His, beheves that it is frequently drawn towards the 
uterus by the plain muscular fibres contained in the broad Ugament, so that its 
long axis is then directed obUquely downwards and inwards. Adopting the account 
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m vrA.LLa tdbrxd uibi. One-lulf lutunl liu. (Sappej.) 

1. oraiiH ; 2. tabie uteriOB ) K, 1, S, their fimbriated eitiemltiM (4 poizita to the oatium abdomiiule) ; 
S. OTuiao Bmbrit ; 7. ligament of the orar; ; 8, E>, broad ligunenta ; 10. ntsnu j 11. ita vaginal portkio ; 
12, cn£ciiun eitemom uteri ; 13, lateral and paat«ri« walla of Tagina nflected ; 11, ita anterior wall ; 16, 
«dga of hjraen ; IS, orifice ol nnthra i 17, veatibale ; IS, labia minnra pudendi ; IS, ghuu clitOTidia ; W, 
labia majora pndandL 

given by His as representing the usual position of the ovary, we will now describe 
its relations. 

The m»dlaii sarfece is free and covered to a variable extent by the uterine 
tube and the adjacent portion of the mesosalpinx. The tube and its mesentery 

E7(ba- dU Lagt dtr latiU. inturm attcUtiAttoryatu, Bonn. I8S2. 
' ' Bsabaahtangen neber di> Lage der Bingewsids im wsibL Beokoneingangs,' Arci. f. OgjothJofii 
Bd,Tiii, 
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may covei the whole of the median surface, so aa to separate it from direct contact 
vith other stiuctuiea. Some convolutions of the jejuno-ileum are often found 
on the inner side of the nght ovary, and ocoasionally also the vennifcnm 
pTOcess, while the pelvic colon may have & similar relation to the left ovary 

(fig. 250). 

The lateral anrfaoe is also free and lies against a more or less distinct peri- 
toneal depression on the ude wall of the pelvis, termed the fossa ovarica. This 
depression hes bdow the prominence formed by the psoas and external iliac vesaels, 
in front of the ureter and uterine artery and behind the lateral umbilical liga- 
ment. Waldeyer,^ who maintains that the fossa must be regarded as of nonnal 
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Two-dkirdi lutanl nie. (Allan ThoiaKKi). 

IbD Dt«nu uid appar put of ths vagliu have been lild apen by Rmoring tiu pcatsior will ; on tha 
left aida of tlu> tol* utniok, raoud Ugamant and orariao liguuent have bsea ont abort, and the bRiad 
ligunaot ramoTcd ; «, tha fondiu of tha Dtema i e, ttu> oerrii oppoaite the ciifioiiini iatemtun ; the tiiangaUr 
ah»pe of the aterine aaviCy ia ahown, and the dOatatJcn of the wrvicul wTitf with the ngm. termed triior 
Tite; v. upper part of the Tagin*; od, tnbic nteruua ; I, round hgament; lo, hgament of tha owarj i 
Of OTaE7 (hen repneented wUh Urn Long axia boriaonW, althongb in Uie natural poaition Titbin the bodj It h 
obllqaa or Dearly farCioa]] j t, wide outer part of the right tuba ntetina ; / j, Ita fimbriated aitrami^ ; ff, 
pvoTariam j K una of the bydatada fnquentij fooDd oouneotod with the broad ligamaat 

ocourrence, admits that it varies considerably in depth, and may be farther back 
than usual, so that the meter is oppoiute the anterior ed^ of the fossa instead of the 
posterior. The lateral surface of the ovary is separated from the bony wall of the 
pelvis by the parietal peritoneum, a quantity of loose fascia and fat containing 
the obturator nerve and some blood-vessels, and most externally by the obturator 
inteinus muscle. 

The posterior border is free, convex, and turned somewhat inwards towards 
the rectimi. Like the median surface, it is covered partially by the fimbriated end 
of the uterine tube. The anterior border is straighter than the posterior : it 
gives attachment to a short meaovarium, between the two layers of which is the 
hilum, where the blood-vessels and nerves enter the ovary. The aterine tube 
ascends in front of this border. To its upper extremity is attached the ovarian 
fimbria of the uterine tube, and also a peritoneal fold, termed the ligamenttm 
nupensarium ovarii, which passes downwards from the brim of the pelvis and 

1 ' Topographical Sketch of the Lateral Wall of the FelTio Ci 
Oraiiaa Oroovc^' Jour. Anai, tnd Phi/t,, toL ixiii., Ootobai 1897. 



contains the ovarian vesfleb and nerves. The uterine tube bends back- 
wards at the upper end of the ovary. The lower end of the ovary is generaUy 
narrower than the upper, and is attached to the uterus by the Ugament of 
the ovary. This extremity does not normaUy reach the floor of the recto- 
uterine peritoneal pouch, so that the ovary is suspended against the side 
wall ol the pelvis. 
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TO THB BIQHT Of THl KIDUH fUHB, AHD VIEWED fBOK TUI lICDUIt UfECT. OtW-luU Utonl ibe. 

(J. STmiiigtoa.) 
Aiter thia sectioD vu nuul«, tlie ulorua uid the appv put of the Tigina vers divided (till futbcr to the 
right of ths mediui pUne. The soavolntioiu of the jejuno-ileurr wsra removed Inm the pelvii in thli and 
the following figure. 

Stmoture.— The surface of the ovary has a dull greyish colour, vrhioh is 
easily distinguished from the white shining appearance of the meeovajium. It 
is not covered by peritoneum, but by a layer of columnar cells — the remains of the 
germ epithelium. Fane ^ drew attention to a white line along the attaohed border 
of the ovary, and Watdeyer^ showed its sigaificance as indicating the termination 
of the ordinary peritoneal endothelium. During the child-bearing period of life. 

I 'titcnuuid It* Appeadagee,' TodSi Ci/dopadta of Analomg and Phgiialogf, toL t„ 1SA9. 
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the surface of the ovaiy often exhibits a number of vesicles, which vary in size 
and prominence. Some of these may be seen to have a thin, semi-transparent 
covering and to contain a clear fluid. On section, the ovary is found to consist 
of a film stroma, which at the surface forma a rather ill-defined tunica albuginea. 
Embedded in the stroma are the Graafian follicles, in various stages of develop- 
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ment, and each containing a microscopic ovum. A corpus luteum mar be 
present, and also the atrophied remains of several corpora lut«a, forming small 
whitish masses known as the corpora albicantia. 

reavllaJ*lttea aooordlni' to ace< — In the young fetus, the ovary lies in front of the paou 
muBole near the kidney and having the uterine tube on itb outer aide, F^om thia poaition 
it giadaally poaaeB downwards and inwards, so that at birth it lies at the brim at the pelvii 
vith its lower and inner end projecting slightly into the pelvis, and its upper and outer part 
in ths iliao fossa. Ihiring fetal life the ovary is long, narrow, and soft, showing impreaaionB due 
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to the presBure of adjacent inteatine ; but soon ait«r birth, it becomes firmer uid more oval in 

Until puberty, its surface is smooth ; but after tbfl proceu of OTulatioa ii fullj established 
it tends to becc»ile uneven. This is due to the laceration of the anriace by the rupture at tke 
Graafian follicles and the cicatriuttions that occur in connexion with the cloEore of the openings. 
Id old age the ovary undergoes atrophy, becoming more fibrous and less vascular. 

VBTlMleB. — The above description of the position and relations nf the ovaries is based upon 
the examination of adult nulliporte, with the bladder empty and the uterus ante-flexed and 
ante.verted. The ovaries, however, are not Grmlj fiied in any one place, and even in the 
same individual their position is liable to vary according to the condition of the other pelvic 
organs. Thus, if the uterus be moved upwards and baohwards, by distennon of the bladder 
or other causes, the ovaries will be displaced backwards towards the sacrum. His found 
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that in esses of lateral deviation of the uterus, the uvary on the side towards which the uteras 
lies, is vertical ; white the lowel' end of the opposite ovary is drawn towards the median plane 
by the ligament of the ovary, so that its long axis becomes oblique. Waldeyer, hoH«ver, has 
recorded a cose in which the ovary on the side opposite to the uterine deviation maintained 
its vertical position against the side wall of the pelvis, appiuently on account of the ligament of the 
ovary being longer than usual on that side. As a rule, the ovary on the side towards which 
the uterusisdisplacedisdistinctly higher than the one on the opposite side. Thus in a specimen 
of Waldeyer's, the one ovary had its upper end I cm. below the level of the external iliao vein, 
and the other ovary reached as high as the upper border of the corresponding vein. Waldeyer 
states that he has not seen any cases, such as Hasse ttesoribes, where a normal ovary lies in 
contact with the uterus. 

Abaenoe of one or both ovaries is extremely rare. Occasionally, the ovary retains its 
infantile form until adult life. It is very uncommon to find it remaining in its primitive position 
near the kidney, but sometimes in place of descending into the pelvis it takes a similar coarse 
to that of the testicle, passing into the inguinal canal and even through the external abdominal 
ling to the labium majus. When enlarged it frequently becomes prolapsed, paasiDg downwMds 



278 



UROGENITAL SYSTEM 



Mid inwitrds bebind tbe uterua, so that wbea both ovsriei an enlarged they totif meet dmt 
the median pUne. The presence of accessoiy ovaries has been doscribed by Waldeyer and 
others. Beigel {' Ueber acoessoruche Ovarieu,' ITitner med. Weeh., 1877) found them prannt in 
eight out of 350 oaees. They may be eesaile or pednuoulated, and ore uaually small. In ftll 
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probability they repreKot detaobcd portions of the ovary. CAvgMe{Bibliog.aitat.,t.ix.. 1901) 
reported a case in which tbe right ovary was divided iato two distinct portions. 

Slood-vesaela, lympliatlca, and nerves of tbe ovarlea. — Arteries. — 

The ovuy is supplied by the ovarian and the uterine arteries. The ovarian gives 
several bianches directly to it, and others arise from a twig going to the fimbriated 
end of the uterine tube. The 
branch from the uterine artery 
passes outwards between the two 
layers of the broad Ugament to 
anastomose with the ovarian, and 
supply a number of small vessels 
to the ovary. The arteries of the 
ovary are long and tortuous, and 
reach the Mlum between the 
two layers of the mesovarium. 
From the hilum they ramify 
freely in its substance, and are 
accompanied by nonstriped mus- 
cular fibres. The veins are con- 
siderably dilated and tortuous in 
the hilum and tbe mesoTarinm, 
forming a swelling, termed by 
Rouget the bulb of the ovary. 
Host of the veins leaving the 
ovary ascend in the suspensory 
ligament as the ovarian plexus 
of veins, but some join the 
uterine veins. The lifmjthatics 
of the ovary are abundant. At the hilum, they form a dense network, known 
as the plexus sub-ovaricus. Six to eight lymphatic vessels ascend with the ovarian 
blood-vessels and terminate in the aortic glands. Poirier describes an anastomosis 
with the uterine lymphatic vessels, but Bruhns failed to detect this connexion. 
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The ovary is well supplied with both vaso-motor and sensory nerves, derived from 
the ovarian plexus on the ovarian vessels. According to some authorities, the 
ovary contains a number of nerve-cells of the sympathetic type. 

Bpoophoron (parovarium, or organ of Rosenmiiller) is a flattened structure 
with a trapezoid or rarely a triangular outline, situated in the lateral part of the 
mesosalpinx, between the ovary and the uterine tube. It consbts of about fifteen 
small ducts {ductuli transverst), I cm. to 2 cm. in length, passing transversally 
between the ovary and the uterine tube, and a longitudinal duct {diustus epoophori 
longitudinalis) running parallel to the outer part of the uterine tube. The 
epoophoron can usually be brought into view by holding the mesosalpinx between 
the eye and a bright light, but it is often obscured by the presence of fat and blood- 
vessels. The ducts are adherent to the ventral layer of the mesosalpinx, but are 
only loosely connected with the dorsal layer. 

The transverse ducts may be divided into three sets : upper or lateral, inter- 
mediate, and lower or median. The intermediate are the most numerous, and they 
usually converge towards the hilum of the ovary near its tubal extremity. On 
microscopic examination, these ducts are found to form a network at the hilum of 
the ovary, termed the rete ovarii. The upper ducts (or Kobelt's tubules ^) end 
above the ovary, near the free margin of the mesosalpinx, in small dilated 
extremities, which may project into a special fold of the ventral layer of the 
mesosalpinx as small cyst-like bodies, some of which may become pedunculated. 
A few rudimentary lower ducts do not penetrate the ovary. As the transverse 
ducts pass towards the uterine tube, they often become tortuous, and end by 
joining the longitudinal duct (fig. 256). 

The longitudinal duct (Gartner's duct) usually jcorresponds in length to the base 
of the epoophoron, but it may extend laterally beyond this body to terminate in a 
pedunculated cyst, and medially may be traced between the layers of the broad 
ligament to the side of the uterus. 

Paroophoron. — This is a small rounded body, situated in the mesosalpinx, 
median to the epoophoron, and composed of a few rudimentary tubules. It can 
usually be detected with the naked-eye during the first year after birth. 

The epoophoron is the remains of the upper (sexual) part of the Wolffian body and duct, while 
the paroophoron is derived from a few of the lower or urinary tubules of the same body. The 
paroophoron persists throughout life, but it appears to be better developed during the period 
of sexual activity. 

TUBiE UTERINE 

The two tubsD uterinaD (Fallopian tubes) may be considered as ducts of the 
ovaries (oviducts) since they serve to convey the ova from these glands into the 
uterus. They differ, however, from the ducts of all the other glands in the body in 
being detached from the organs whose secretions they convey. They are enclosed 
in the free margin of the broad ligaments in the whole of their extent, except the 
intra-mural portions, which traverse the uterine wall for about 1 cm. to open into 
the uterine cavity. Traced from the uterus — to the superior angles of which they arc 
attached — they are found to pass almost horizontally outwards, for a distance of 
from 1 cm. to 2 cm., until they reach the side walls of the pelvis, against which they 
ascend, frequently in a tortuous manner, in front of their corresponding ovaries, and 
then arch backwards above these glands and internal to their suspensory ligaments 
(fig. 249). Finally, they turn downwards, so that the fimbriae are opposite the inner 

1 Der Ntben-Eierstock des Weibts, Heidelberg, 1847. 



(From Fam. after Kobelt] 



XrrERINE TUBES 281 

surfaces and posterior borders of the ovaries. Some conTolutiona of the sbobU 
intestme are oft«u Bituat«d above and iaternal to both tubes. The vermifoTiu 
process, when projecting downwards into the pelvis, comes into close relation with 
the right tube, while the pelvic colon is often in contact with the left tube. The 
average length of the 
tubes is 10 cm. to 12 cm., 
and, aa a rule, the right 
one is a httle longer than 
the left. 

Each tube may be 
divided into an itthmug, 
an atnpuUa, a neck, and a 
fimbriated extremity. The 
itlhmtu corresponds to 
about the inner third of 
the tube; it is straight, 
rousd, and cord-hke, and 
has a diameter of 2 mm. 
to 3 mm. Its lumen 
communicates with the 
uterine cavity by an 
orifice which will barely 
admit a hog's bristle, and 
is not dilatable. From 
this opening, its cavity 
enlarges as it passes 
outwards, but only very 
gradually. The ampulla 
extends from the isthmus 
to the neck, and forms 
rather more than one-half 
of the total length of the 
tube. It differs from the 
isthmus in its larger size, 
in its dilatabiUty, in being 
less firm to the touch, 
and by its tortuous course. 
This part of the tube 
ncreases in size from the 
isthmus to the neck, and 
its average diameter is 
6 mm. to 8 mm., while in 
many cases it will admit, 
in the greater part of its 

length, a No. 6 to No. 8 iiV^Bd":rb^yofu^"«;,fe' 
catheter. Ballantyne and 
Williams * found that the orifice at the neck of the tube, or ostium abdomiitale, was 
physiologically closed in tubes removed during life, while in specimens obtained 
from the post-mortem room it was somewhat gaping. When moderately distended, 
it has a diameter of 3 mm. or 4 mm. The ovarian end of the tube expands in a 
trumpet-shaped manner from the neck to enclose a space called the infundAulum 

Iht Utntaipiia, Ediabuigh. 1893. 
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or pavilion and is then prolonged into a number of iiregnlai processes called 
finibruB : hence the term fimbriated extremity. From its irregular torn appearance, 
it was named by the ancient anatomists morstu diaboli. The fimbrise vary con- 
siderably in nmnber, size, and complexity. The larger ones have numerous 
smaller processes attached to their edges, and their inner surfaces present folds 
continuous with those lining the pavilion. One of the fimbriae, which is longer 
than the others, is attached to the upper end of the ovary. This, the ovarian 
fimbria, has a longitudinal groove leading from the pavilion to the ovary, and 
bounded at its sides by secondary fimbria. In some cases this fimbria does not 
reach the ovary, but is attached to it by a ligament. 

Peonllarities aooordlngr to agre. — ^In the new-bom child, the uterine tubes] axe not 
situated entirely in the cavity of the true pelTis, their outer ends lying in the iliac foese. The 
ampullary part of the tube shows one to three spiral twists, and the edges of the ovarian fimbria 
are not fr^ged. In old age, the tubes tend to become narrower and straighter, and their 
muscular coat atrophies. 

Varieties. — A pedunculated Cjrst, known as the hydatid of Morgagni, is sometimes found 
attached to one of the fimbriae or to the tube itself. Ballantyne and Williams {The Structwres 
in the Meaoaalpinx, Edinburgh, 1893) found it in 8 per cent, of the adult oases they examined. 
It is lined by a mucosa provided with a single layer of ciliated columnar epithelium, its walls 
contain a muscular coat composed of circular and longitudinal fibres, and it is covered 
by peritoneum. Its structure and attachments show that, like the uterine tube, its (vigin 
is from the Miillorian duct. It is probably derived from a poHion of the duct situated above 
the ostium abdominale. The long pedicle which it frequently possesses may be due to the 
extension of the duct into the fold passing from the Wolffian body to the diaphragm, and the 
traction exerted upon it during the descent of the WolfiQan body. One or more smnUer fimbriated 
openings not infrequently occur at a short distance from the main one. Ck>ngenital absence of 
a part or the whole of a tube occasionally occurs, even in cases where the uterus is properly 
formed (see Spencer and Doran, ' Absence of the Fallopian Tubes and of Menstruation,' 
Brit Med, Jour,, October X, 1910 ; and Spencer, ' Absence of the Fallopian Tubes and of 
Menstruation * (a second case), Brit, Med, Jour., January 28, 1911). 

Stmoture. — The walls of the tube are composed of a serous, a subserous, a 
muscular, a submucous, and a mucous coat. The serous coat is incomplete, being 
absent at the attachment of the mesosalpinx, where the blood-vessels, lymphatics, 
and nerves reach the tube. The subserous coat (tunica adventitia) is composed of 
delicate connective-tissue, so that the tube lies somewhat loosely in its serous fold. 
The muscular coat is composed of non-striped fibres, arranged in an external 
longitudinal and an internal circular layer. The submucous tissue contains, like 
that of the uterus, multipolar ganglion cells. The mucous membrane lining the 
tubes is thrown into longitudinal plicae, which are broad and nimierous in the wider 
part of the tube, and in the narrower part are broken up into very numerous arbo- 
rescent processes. It is continuous, on the one hand, with the hning membrane of the 
uterus, and at the other end of the tube with the peritoneimi, thus presenting an 
example of the direct continuity of a mucous and serous membrane, and making the 
peritoneal cavity in the female an exception to the ordinary rule of serous cavities, 
i.e., of being perfectly closed to the exterior. The epithelium in the interior of the 
uterine tube is, like that of the uterus, columnar and ciliated ; the inner surface 
of the fimbriae is also provided with ciUa. On their outer or serous surface it passes 
into the pavement epithelium of the peritoneal membrane. It does not appear 
that there are glands, as was at one time supposed, in the mucous membrane lining 
the uterine tubes, although the appearances of the folds of mucous membrane 
may simulate tubular glands (fig. 258) . 

Blood-vessels, lymphatics, and nerves. — The uterine tube is supplied 
by branches of the uterine and ovarian arteries, which anastomose with one another 



and send numerous small t mgs to the tube. The veins conespond to the axteries, and 
form a rich network in the submucons coat and betveen the muscular fibres. A 
few Ij'mphatic vessels pass in the broad ligament to a network at the hilum of the 
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ovary, and from those vessels proceed outwards and upwards to end in the lumbar 
glands. Sympathetic nerve-fibres accompany the blood-vessels. 



The uterus or womb is a hollow muscular organ, with very thick walls, situated 
in the pelvic cavity between the rectum and the urinary bladder. The uterine 
tubes, extending &om each upper angle of the uterus to their ovarian opening, 
conduct the ovum irom the ovary to the uterine cavity. In the case of pregnancy, 
the uterus teceives the ovum, retains and supports it during the development 
of the fetus, and expels it at the time of parturition. During gestation, the uterus 
undergoes a great enlargement in me and capacity, as weU as important structural 
changes. 

Sliapa nnd size. — In the fully developed virgin condition — which is that to 
which the following description mainly applies — the ut«rua is a flattened pear-shaped 
body, with an upper and larger free end, and a lower extremity which projects 
into the vagina, dorsal (faciea intestinalis), and ventral (facies vesicaUs) surfaces, 
and right and left margins. It is usually described as consisting of a fundus, a body, 
and a neck. Its average dimensions are 7*5 cm. in length, 5 cm. in breadth at its 
upper and wider part, and 2'5 cm. in thickness ; it weighs from 33 grms. to 41 gnus. 

The bodr (corpns uteri) has a broad convex upper end, called the ftrndns. 
which projects upwards from between the points of attachment of the uterine 
tubes (fig. 247), while below it is continuous with the neck. Its dorsal (intestinal) 
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■iie. (J. Sj'isuigtffiL) 

l»t 9.t body oT fint socnJ vertebrft ; r.s., pubjo Bjm|^yuB ; b., bladder ; u., anUira ; vt., tJtenu ; V.O., 
orificium extennun atcri i U9.| utero-Bwin] Jigunen^ vUcb bj« united with one another oo povterior upect 
ofutenu, T., Tftgicia ; a^t., aatcrior TAfpoAi iomix ; F.^-, poflterior TagioAl fonuT ; n., hymen ; s.» rectum; 
I.e., uul cuul 1 £. ifin.. labium miniu; L. Ma)., lliaam mnjia ; c. cUtoria ; h., UX of inoiupubiii 
P., peritoueumi B., prrineal body ; a.c.b.. ino-cocc^eal body. 

Hub lectiou waa made after bardemng the body by tbe iujection of a 1 per cent. aolutlQa of obromio add, 
and the diiteDiian of the abdominal veeseli with this fluid probably depreued aomBirhat the pelvic tiMen. 
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and ventral (vesical) suifacee are both covered by peritoneum and are convex, but 
the latter more so than the former. 

Each lateral margin {margo lateralis) gives attachment to the two layers of 
the broad ligament, which are separated from one another by a quantity of fibrous 
and non-stiiped muscular tissue, and a mimber of other important structures. 
At the point of union of the lateral margin with the fundus is a projecting angle, 
with which the uterine tube is connected, the round ligaments being attached 
a little before, and the ovarian hgament behind and beneath it (fig. 261). Below 
these three structures are the uterine blood-vessels, lymphatics, and nerves. 



Ext. Uiae artery 



Viero-taeral ligament 
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■WAS KZMOviD AND tm thibo-biceal liouiint ExroBiD. (J. SymingtoD. ) 

The neck, or certnx uteri, narrower and more rounded than the rest of the organ, 
is about 2*5 cm. in length ; it is continuous above with the body, and, becoming 
BOULewhat smaller towards its lower extremity, projects into the anterior part of 
the upper end of the tube of the vagina, which is united all round with the substance 
of the uterus, but extends upwards to a greater distance behind than in front. 
The cervix may be divided into two parts : poTlio swpra-vaginalis and portio vaginalis. 
Of these, the supra-vaginal portion is situated at and above the attachment of the 
vaginal wall to the uterus, and the vaginal has a tree surface projecting into the 
upper end of the vagina. The lower end of this — the vaginal part of the cervix — 
has a transverse aperture by which its cavity opens into the vagina (figs. 247, 269) ; 
this is named the oripcittm actemum vteri. It is bounded by two thick lips : the 
posterior {labium foslerius) of which is the thinner and longer of the two ; while 
the anterior {iabwm anterius), although projecting less from its vaginal attachments, 
is lower in position, so that when the tube is closed both Hps come into contact with 
the posterior wall of the va^na. These borders or lips are smooth in the nullipara, 
but after parturition they frequently become irregular, and are sometimes fissured 
or cleft. 
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The peritoneum which covera the dorsal surface of the body of the utenia is 
continued on to the supra-vaginal part of the cervix aa f&i down as the place of 
attachment of the v^na, from which it passes on to the posterior vaginal wall. 
On the ventral surface, the peritoneum covering the anterior surface of the body 
of the uterus is usually reflected on to the bladder at about its junction with the 
cervix, so that the corresponding surface of the cervix is uncovered by peritoneum, 
and lies in direct contact with the bladder. In consequence of the peritoneum not 
descending so low on the ventral as on the dorsal surface of the uterus, only one 
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■ite, (J. ByraiDgtoo.) 
Th« whole Dtonu waa displuwd toiruda tha light aide, bat tha fundtu more Uian tha cvrii. Id ood- 
aeqoeiiDe of the diBteELuou ot the bladder the atenu wfta poHhad bookwanli oo that it proieoted mU> the right 
puanatal tpsoe. 

layer of peritoneum passes outwards from the side of the cervix to the pelvic wall. 
In front of this layer, the uterine artery courses inwards to the lateral aspect of the 
cervix, surrounded by a plexus of uterine veins — all these vessels being invested by 
connective-tissue, which is described as forming the ligament of Haclronrodt.^ 
Another mass, composed of fibrous and muscular tissue and known as the uUro-sacral 
ligament, extends from the sacrum to the posterior part of the lateral aspect of the 
cervix (%. 260). Lateral to this ligament, the pelvic splanchnic branches, from 
the sacral plexus, pass to the uterus, vagina, and bladder. About 2 cm. lateral to 
the cervix, the ureter passes forwards and downwards to reach the bladder. 

Oavltr of tb« uterus. — The walla of the uterus are of great thickneea, and the 

1 ' Uebar di* UruMhsn dar aonnsl u. p&th. lAgea dst Uleias.' Arclt. f. Qyttaiiotogit., Bd. xItUL, ISM. 
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cavity is thus proportionately much reduced in size. The part within the body is 
triangular (fig. 262), and flattened from before backwards, so that its anterior and 
posterior walls touch each other (fig. 259). The base of the triangle is directed 
upwards, and is convex towards the interior of the uterus. The cavity, narrowing 
gradually, is prolonged into its two superior angles, at each of which it leads by a 
minute foramen into the narrow canal of the uterine tube. At the junction of 
the body and the neck, the cavity is slightly constricted, and thus forms what is 
named the orificium internum uteri ; this opening is often smaller than the external 




Fio. 262. — OuTLiNBS or moxtlds of thx utkunk catitt dt DirrxBENT STATES. Natand size. 

(After F. Gayoo.) 

A, in a virgin of seventeen years of age ; B, in a woman of fcnrty-two years, who had not borne ohildren ; 
C in a woman of thirty-five years, who had borne ohildren, h, cavity of the body ; e, that of the cervix ; 
it the orificium internum uteri; o, orificium externum uteri; /, passage of the upper angle into the tuba uterina. 



orifice, and is of a circular form. That portion of the cavity which is within the 
neck is tubular and slightly flattened before and behind ; it is somewhat dilated in 
the middle, and opens inferiorly into the vagina by the orificium externum uteri. 
Its inner surface is marked by two longitudinal ridges or columns, which run — 
one on the anterior, the other on the posterior wall ; and from both of which, rugse 
are directed obliquely upwards on each side, so as to present all appearance which 
has been named arbor vitce, or pliccB jxdmatcB (fig. 262) : this structure is most 
strongly marked anteriorly. 

Position of the uterus. — The question as to the normal position of the uterus 
is one that gave rise to much controversy, and regarding which very contradictory 
statements were made ; but there is now a general agreement amongst anatomists 
and clinicians that the uterus does not occupy any definite fixed position, but 
possesses a considerable range of mobiUty : the chief factors that influence its position 
being the condition of the bladder and rectum. If both bladder and rectum be 
distended, the uterus lies between and in contact with these two organs, and the long 
axis of the uterus is approximately parallel to the axis of the part of the pelvic 
cavity in which it is situated. The ventral surface of the uterus generally remains 
in contact with the bladder (hence the term f acies vesicaUs) ; so that during 
micturition the uterus moves downwards and forwards, and when the bladder is 
empty the fundus is directed forwards, and the ventral surface more or less 
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directly downwards — a position described as ante-version of the uterus. This 
movement affects the body and fundus much more than the cervix, and hence 
the ventral surface becomes concave — that is, the uterus is ante-flexed. The usual 
normal position of the uterus, with the bladder empty, is thus one of ante-flexion 
and ante-version, and the dorsal surface is in contact with the convolutions 
of the jejuno-ileum, and the pelvic colon (facies intestinalis). As the bladder 
fills with urine, the body and fundus are pushed upwards and backwards, 
until, if the bladder be fully distended, the upper part of the uterus comes to 
lie near the sacrum — usually in one or other of the pararectal spaces — and the 
' long axis of the organ to be directed from above downwards and forwards 
(retro-version). While retro-version may be a normal position, a bending back- 
wards of the uterus upon itself (retro-fleidon) must be regarded as pathological. 
The uterus is seldom quite median in position, and it often is slightly rotated 
on its own axis. The imimpregnated adidt uterus is situated entirely in the 
true pelvis. The lowest part of the cervix is usually a little above the level of a 
line uniting the lower border of the pubic symphysis with the tip of the coccyx, 
and the greater part of the uterus generally lies above a horizontal plane corre- 
sponding to the top of the pubic symphjrsis. There are considerable individual 
variations in the height of the uterus, mainly depending on the degree of thickness 
of the pelvic floor, and its level is markedly influenced by the condition of the lower 
end of the rectum — distension of this portion of the bowel pushing it upwards 
and forwards. Gravity has also some influence : thus in the eiect position of the 
trunk, the weight of the intestine, and the intra-abdominal pressure, will tend to 
depress the uterus ; while in the genu-pectoral position, and the vagina opened, 
the organ moves upwards and forwards. 

Aiflraments of the uterus. — The reflexion of the peritoneum from the uterus 
to the bladder is called the utero-vesical fold, or sometimes the anterior ligament of 
the uterus. Posteriorly, as we have already seen, the peritoneum passes from the 
uterus on to the upper part of the vagina before being reflected backwards to the 
rectum, thus forming a recto-vaginal ligament. The peritoneal recess, situated in 
front of the rectum, and behind the cervix of the uterus and the upper part of 
the vagina, is usually termed the pouch of Douglas (excavatio recUhuterina). Two 
semilimar folds of peritoneum covering the utero-sacral ligaments may divide this 
pouch into a median and two lateral portions. 

Aiflramenta teretes uteri.— The round liaraments are two flat, cord- 
like bundles of fibres, about 10 cm. to 12 cm. in length, attached to the upper 
angles of the uterus, one on either side, inmiediately in front of the uterine 
tube. As each ligament proceeds upwards, outwards, and forwards towards the 
abdominal inguinal ring, it first lies between the layers of the broad ligament 
and raises its anterior layer into a more or less prominent fold, and then ascends 
on the side wall of the pelvis crossing over the obliterated hypogastric artery, 
the external iliac vessels, and the psoas muscle. The peritoneal fold which 
covers it on the lateral wall of the pelvis is continuous with that on the front 
of the broad ligament, and separates the para- vesical and obturator peritoneal 
fossae of Waldeyer. After having passed — like the spermatic cord in the male — 
through the inguinal canal, the round ligament reaches the fore-part of the 
pubic symphysis, where its fibres expand and become united with the substance 
of the mons pubis. Besides areolar tissue and vessels, the round ligaments 
contain — chiefly in their inner third — plain muscular fibres, which are prolonged 
into them from the outer muscular layer of the uterine wall. Each ligament 
also receives a covering from the peritoneum, which, in the yoxmg subject, 
projects in the form of a tubular process for some distance into the inguinal canal ; 
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this, whicli resembles the processus vaginalis, originally existing in the same situa- 
tion in the male, is named the canal of Nuck ; it is generally obliterated in the 
adidt, but is sometimes found even in advanced life. 

The round ligament of the uterus is derived from the plica inguinalis of the 
Wolffian body, which in the male forms the gubemacidum testis. 

Uiramentiim OTarii proprinm. — The ligament of the ovary is merely a 
dense fibro-areolar cord containing some uterine muscular fibres, and measuring 
from 2 cm. to 3 cm. in length, which extends from the lower end of the ovary 
to the upper angle of the uterus, which it joins immediately below and behind the 
point of attachment of the uterine tube. 

liiramentiim latnm uteri. — The broad ligaments of the uterus (fig. 247) are 
formed on each side by a fold or double layer of the peritoneum, which is directed 
from the lateral border of the uterus to the side wall of the pelvis. Between the 
two layers of the serous membrane are placed the uterine tube, the round liga- 
ment of the uterus, the ovarian ligameut, the epoophoron, the paroophoron, and 
numerous blood-vessels, lymphatics, and nerves, with fibres continuous with the 
superficial muscidar layer of the uterus. The ovary is attached to its posterior 
aspect at the white line (see Ovary). 

The broad ligament is a composite structure, and may be conveniently divided 
into a median and a lateral portion. The median part (mesometrium) is situated at 
the side of the uterus and moves with this organ, so that when the uterus is ante- 
verted its two layers are superior and inferior and its free border is anterior, while, as 
the body and fundus of the uterus are moved upwards and backwards, the two 
layers will become anterior and posterior and the free border superior. The free 
border contains the uterine tube, and the ligament of the ovary and the roimd 
ligament of the uterus give rise to prominences on its posterior and anterior 
surfaces respectively. The lateral portion of the broad ligament is attached to 
the side wall of the pelvis in front of the ovarian fossa and forms two secondary 
folds : one connected with the uterine tube (mesosalpinx) and the other with the 
ovary (mesovarium). The mesosalpinx is irregularly triangular in form, with the 
apex towards the uterus. It is attached to the uterine tube and its ovarian 
fimbria, the mesovarium, and the ligament of the ovary. When spread out, it is 
about 8 mm. in length, and its maximum breadth, situated at the junction of its 
outer and middle thirds, is on an average 4 cm. (Ballantyne and Williams). It is 
often directly continuous with the suspensory ligament of the ovary. Owing to its 
breadth, the ampidla and fimbriated end of the tube have a considerable range of 
mobility. The mesovartum is a short fold attached to the anterior border of the 
ovary, and serving for the passage of various structures to or from the ovary. 

STRUCTURE OP THE UTERUS. 

The walls of the uterus consist of : (1) an outer serous coat {tunica serosa or 
perimetrium), (2) a subserous coat (parametrium), (3) a muscular coat (tunica 
muscularis or myometrium), and (4) a mucous membrane (tunica mucosa or 
endometrium). There is no submucous coat. 

The serous coat, which covers the fundus and the two siurfaces of the body, is very 
smooth and firmly adherent to the subjacent muscular fibres. At the back of the 
supra-vaginal part of the cervix, it is less firmly attached, and may be thrown into a 
&w loose folds. The subserous coat is best developed round the cervix, especially 
at the sides, and it is also foimd at the lateral borders of the body of the uterus. 
The muscular coat consists almost entirely of non-striped fibres, which form inter- 
lacing bundles and layers, so that in the unimpregnated uterus their separation into 

VOL. n. PABT n. U 
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definite layeie is impossible. The outer part of the muscular coat conespouds to 
the ordinary muscular coat of other hollow organs, and is only indistinctly 
separated by some blood-vessels from a very thick muacularis mucose. 

The nuicoiu membrane of the body of the ut«nis is smooth, except during the 
menstrual period, and in the unimpregnated state is entirely devoid of ridges ; it is 
of a peculiar soft spongy consistence, and of a dull reddish colour, and very vascular. 
It conaistfi of the uterine glands, the deeper ends of which are embedded in the 
muscularis mucosee. The glands are separated by a considerable amount of 
inter-glandular tissue. The epithelium is colunmar and ciliated. 

The macoui membrane of the cervix is much firmer and more fibrous than that of 
the body. Between the rugee of the j>lic(B palmattE there are numerous saccular and 
tubular glands. In the lower 
part of the cervix, the mucous 
membrane is beset with vascular 
papillee, and the epithelium is 
stratified; but in the upper 
half or more the epithelium is 
columnar and cihated like that 
of the body. The glands, which 
are short, with a large lumen, are 
everywhere lined with columnar 
ciliated epithehum — even where 
the epithelium of the surface is 
stratified. Besides the foUicular 
glands, there are almostconstantly 
to be seen the so-called ocula 
N(AoAi — clear yellowish vesicles 
of variable size, but visible to 
the naked eye, embedded in the 
■^ membrane. These probably arise 
from closed and distended fol- 
^ Lcles ; but their exact nature is 
, still doubtful. 

'^~ During pregnancy, the mucous 

glands of the cervix secrete a 
considerable quantity oftenadous 
mucus, which efEectually closes 
the passage. 

The surface of the uterus, 
which looks towards the cavity 
of the vagina, is covered with 
stratified epithelium, concealing the vascular papiUro. It is destitute of glands. 

The changes which occur in the uterine mucous membrane in connexion witb 
menstruation and pregnancy are described in Vol. II-, Pt. I. of this work. 

After parturition, the uterus gradually but rapidly d i nun i ahea, till it neariy 
regains the size and structure of the unimpregnated condition. During this change, 
the enlai^ed muscular fibres undergo fatty degeneration, and are sud to beccone 
subsequently absorbed, while a new set of fibre-cells is developed. After the first 
pregnancy, however, the organ never regains its original virginal character. In 
those who have had children, its weight usually remains from two to three ounces 
(102grms. toin grms. Vieroidt); its cavity is larger (fig. 262, C) ; the orificinm 
externum is wider and more rounded, and its margipa often puckered or fissured -, 
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the arteries lemain much more tortuous, and its muscular fibies and layers moie 
defined than in the virgin. 

peenllnrttle* Mioordlnr to «c«. — In the newly bora inlant, Uk neok of the ntenia U larger 
than the bodj, Mid also mach Arzuer. Then is no fundus : the apper end of the uterus not forming 
ft convex prominenoe between the sttachmenta of the uterine tabes. The cavity is niUTOw, 
there is no diatinot internal oa, and it tapers above on both sides so as to present an approach 
to the two-homed form prevalent in animals. The plicn palmatie are very distinct, and reach 
to the highest point of the cavity. At this period, the 
uteras is usoally about 3 cm. in length. It grows but 
shghtly from birth ontil near pubeny, at which period it 
undergoes a rapid and marked increase in size. This 
growth is especially marked in the body, which at tha 
same time acfinires a firmer consistence, while its mucous 
membrane becomes smooth. The cavity remains oom- 
parsitively narrow in all women who have borne no 
children (fig. 262, B), while in those who havo been 
pregnant it ia widely triangular (C). In old age, the 
uterus atrophies ; it becomes paler in colour and harder 
in texture, and its external orifice frequently becomes 



Vartetlea. — The uterus is subject to numerous 
congenital defects or malformations— especially in con- 
nexion with abnormal conditions of the other genital 
organs. Amongst those involving (he uterus may be 
mentioned its more or less complete absence, the 
occurrence of one or two horns at its upper part, and 
the presence of two distinct cavities. Such cases are 
obviously due to an imperfect development of one or 

both Miiilerian ducts or tlieir incomplete fusion. pui. sm.^^Thi utbbcs uni tbx 
Oocosionally, the uterus retains its infantile condition lkpt tcbi utbrhia of a oirl 

after puberty. iaa> TmsriBB ibaB9. Mstural 

BIB. (J. Sjnungton.) 
Sl00d-T«M«U, IjrmpllBtlOB, and nerVM. xhe uterus i> divided la the loediiin 

— The ortertea of the uterus are four in piuw, and the mtij uid tube viewed 
number : namely, the right and left ovarian *'^ ""^ "*'"" "i»"- 
(which correspond to the speimatic of the 

male) and the right and left tUerine. They are remarkable for their 
frequent anaatomoees, and also for their singularly tortuous course. After 
passing a short distance into the thickness of the uterine wall, they divide 
into branches, which penetrate the muscular tissue of the mucous membrane, 
supplying it with capillaries, and then pass towards the inner portion of the 
membrane and open into a network of large capillaries, which pervades 
the tissue in that situation, and is especially developed near the surface and 
around the glands. In the cervix, however — and especially in the vaginal 
portion — the arteries, which in this situation possess walls of considerable 
thickness, after entering the mucous membrane, divide into a number of small 
branches, which pass di»ctly towards the surface and open into the capillary 
network there present, from which loops pass into the papillte. The Telns corre- 
spond to the arteries ; they are very large, and form plexuses of sinus-like vessels, 
with thin walk in immediate contact with the uterine tissue. The Irmpbatlc 
TesselSt from the upper part of the uterus, pass outwards in the broad ligament ; 
are joined by vessels from the uterine tube and ovary, and, ascending with the 
ovarian blood-vessel, end in glands situated in front of the abdominal aorta. A few 
vessels may also extend along the round ligament of the uterus to the superficial 
inguinal glands. Numerous vessels from the cervix, terminate in lymphatic glands 
on the side wall of the pelvis, near the origin of the hypogastric and external iliac 
arteries. A gland may be found in close relation to the side of the cervix. 

o2 
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The Berves are derived from the inferior hypogastric plexuses, the spermaiie 
plexuses, and the third &nd. fourth sacral nerves. They confiist of both medullated 
and non-medullated fibres ; and in animals small ganglia have been observed in 
the Bubmucous tissue, connected with the non-medullated fibres. 



The vagina is a dilatable membranouB and musculac passage, extending from the 
Testibulum vaginie to the uterus, the neck of which is embiaced by it. It passes 
with ft slight curve from above downwards and forwards, usually nearly parallel 
to the plane o{ the pelvic inlet, but tending to become moie horizontal with a 
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Fia. SW.— A sBcnon THRotroa the buddkb, vaoihi. raoca or Docaus. ahs mctdil (J. Symiogtiia.) 
Thii ud flgTUH see, SeT, uid 268 tre from a. aeriea of aectiona of tbe pelni of > weU-da-nloped bat ntber 
bt feitule, sgnd tmn^-flve yearB. The Hctiaiu paued Irom before bvskwuda uid Kmawlat doinnr*id» 
BoUi tlie utories uid Teiu wen injeotod. All tluw £gum u« nduoed ous-haU. 

The Hotioa ahown in fig. 265 pained immediaitel; below the nfleiion of tbe peritooenm from tbe uiteriar 
■bdomiiul nil on to tha bladder, tai vH £ cm. abore the pnbio iTinphfiiB. The bladder wai opened doee 
to it* uppat anrfaoe, and the labiom anteriiu divided Izamediatel; belmr the orificimn exleraum aterL The 
□tenia WM anteverted. and rested upon the bladder with ita fundna oloae to the anterior abdorrdoaJ valL Xbe 
caTnin Douglaai iraa occupied b; iDteetine. and the tectum waa aituatod to tbe tight of the median phna. 

distended bladder, and more vertical when the lower part of the lectum is loaded. 
The vagina vanes in shape in different parts of its course. The middle portitm is 
compressed so that its cavity forms a transverse slit, with the anterior and posterior 
walls in contact (see fig. 266). This slit gradually increases in breadth from belov 
upwards, but on an average measures about 4 cm. At its upper end, the vagina 
expands into a cbcular tube to embrace the lower part of the cervix. The groove 
around the cervix is known as the vaginal fornix, and is divided for descriptive 
purposes into anterior, posterior, and right and left lateral fornices. The widest 
part of the vagina is opposite the lateral fornices, where it measures about 5 cm. 
The vagina reaches higher up on the cervix uteri, behind than in front, so that the 
uterus appears to project into its anterior wall (see fig. 259). The lower part of the 
vagina is compressed from side toside, resembling the letter H, on transverse section 



(see fig. 268). The piommences on the anterior and posterior walls of the lower 
part of the vafjina, known as the anterior and posterior columnEe ruganim, terminate 
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JiD BEtTTUKp (Jp Sjmington.) 



Th« urethra wmi dirulad jpBt beJow the orifickam urethne j&t«niiuii, uid u«hown embedd 
walL The potenor wall of th« vBgiOft was 7 cm. long, and it is cut ahaostlj exactly in 
Imgth ; while the ulterior TSginal wall ia divided 12 Diin. below the auteiior toraii vagiai 
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Pio. 287. — A flioTiOH THBODGH THB DBBTHKi, viQiNi, AMD iMiL cuiu. (J. Symington.) 
The nrethnt wai 4 cm. long, and it ie here divided 2-A om. belov the orificiam arethne eitemom ; white 
the viginA ia cut about 1-G cm, from its opening into the veitibulum vsginie portion of the rima pgdendi. 
The ual canal ii eipoaed near iti upper end. 

just above the hymen, and the two lateral portions of the H-shaped cavity come in 
contact with one another, so that the vagina forms a median deft, where it opens 
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telow into the vestibule. Tie lower end of the anterioi column fonus a piominenoe, 
termed the carina tirdhralit wtginai. The anterioi vail of the vagina is about 6 cm. 
in length and the posterior 8'5 cm. 

Beiry Hart ('A Contribution to the Morpbology of the Hunum Urogenital Tract,' Jour. 
Anal, and Phyt., toL xxit.) maintains that the lover third of the Ttgiua, distinguished by the 
preaenoe of columos, la derived from the lower endi of the WoUGan dncta and the urogenital 
BinuB, while tlie upper two-thirda is Miilledan in origin. Many embryologists OMisider tliat 
the whole of the vagina is derived from the MiiUeriau ducts. Evatt (' A Contribution to the 
Development of the Prostate Gland in the Human Female, and a Study of the Homologiea of 
the Urethra and Vagina of the Seies.' your. Anat. and Phy-i. voL xlv., 1911) holds that 
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Fra. 268. — A siotion thkocoh thi cutoi 

[J. SymingtOQ.) 

The urethra ftnd vsgtoa ue dividwi jiut above their openings into the rima pudendL The veatibnlAr 

bnlbA ftre ooQtiDuoiu aQteriorly with a narrov m(U4 of rudimeDtuy oaTflraoos tjHue — the partee iutemiediiB 

ti Eobelb—irhich join the diloria. The aection is below the mahi man of the varpit clitoridis, which is 

formed by Its onitad oorpors osTenioaa. 

early in the history of the female embryo, the Miillerian and WolfSan dncta open into the 
nrelhra. and the vagina is formed as a diverticulum from the inferior wall of the coalesced 

Miillerian ducts. 

delations. — In front, the vagina is in relation with the bladder, and 
unthza, being connected by loose areolar tissue to the bladder, but intimately 
blended with the urethra to form a uiethro-vaginal septum. The two ureters, 
after passing forwards and downwards lateral to the cervix uteri, turn down- 
wards and inwards, and pierce the bladder wall in front of the latnal fonuces 
of the vagina. Theii openings into the bladder are at about the same horizontal 
level as the anterior lip of the external orifice of the uterus, and the urethral 
orifice of the bladder is opposite near the middle of the anterior vaginal wall, 
BO that the trigone of the bladder rests against the upper half of the va^nal 
wall. The ■poatefrior vaginal wall is usually covered in about its upper fourth or 
fifth by the peritoneum, forming the excawUio recto-ulerina, or pouch of Douglas. 
Below this, it is loosely attached to the anterior wall of the rectum. In the 
upper two-thirds of their extent, the sides of the vagina are in relation with 



th6 vaginal plexuses of veins, loose areolar tissue and lat separating tliem £toin 
tlie lateral walls of the pelvis. Opposite the junction of the middle and lower 
tliiids, the two levatores aoi pass hackwards, lateral to the vagina and to the anal 
canal, to unite in the ano-coccygeal body, very few fibres turning inwaids behind 
the va^na. These two musoles act as sphincters of the vagina— -mainly by pulling 
forwards the anal canal and pressing it against the posterior vaginal wall. At the 
lower end of the vi^pna, the vestibular bolbe separate the sides of the vaginal orifice 
from the pubic aich (see fig. 268). 

Straotnre — The wdls of the vagina are ounpoaed, from without inwaids, of a 
fibrous, a muscular, and a mucous coab ; a submucous coat is absent. The fibrous 
coat forms a sheath for the vagina, connects it with adjacent structures, and invests 



Fib. sea.— Cokokai. sionoi 

vAotNA, Atnt PSBDnu. BOST. (J. Symington.) 
■., brim of true pelvia i i.T., iachisl taberon^ ; o.L, obtimtDT inlsmiu ; O.r., olitDntor taadt, ; 
levator uii ; P.B., poriDMl body ; ^w.. uiteciDr vaginal wall t BL.. Uigooe of bladdsr. The tram 
blAok line bclmr a.w. npremitg tbe eavlty of the vagina. 

its blood-vessels and nerves. The muscular coat, which is continuous above with 
the muscular fibres of the uterus, is thin, and composed of non-striped muscular 
fibres arranged rather indistinctly into an internal circular and an external longi- 
tudinal layer. The mucous membrane is of greyish-red colour, and is firmly 
attached to the muscular coat. On the anterior and posterior walls, a slightly 
elevated ridge extends from the lower end upwards in the middle line, forming the 
eeAumm of the vagina, or columna ruganun. Numerous dentated transverse ridges, 
called TugcE, are also observed — particularly in persons who have not borne children 
— r unnin g at right angles from the columns. These columns and rugee are most 
evident near the entrance of the vagina and on the anterior surface, and gradually 
become less marked and disappear towards its upper end, except during infancy, 
when the rugs extend to the upper end of the vagina. The free surface is covered 
by numerous layers of stratified epithelium, and the sub-epithelial tissue has papillse 
and numerous elastic fibres, but no glands — or extremely tew. 

Slood-TeM«ls, lympIiatlaB, and nerves.— The vagina is lately supplied 
with vessels and nerves. The arteries are derived from branches of the 
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hypogastric : namely, the vaginal, tntertuU pudendal, vencal, and lUerine. The tvIbs 
correspond ; but they firet surround the vagina frith numerous branches, and 
form at each side a plexus, named the vaginal j^exus. 

The lymfhalic vessels, from the greater part of the vagina, ascend with those 
from the c«rviz of the uterus to terminate in the lymphatic glands on the side walls 



, mtuooUr oott, (Jk flbni cat i 



of the pelvis, but the lymph from the lower end of the vagina paasea into the 
superficial inguinal glands. 

The nerres are derived from the hypogastric plexus of the sympathetic, and 
from the spinal system by the vaginal branches of the pudendal plexus. 

VarletleB. — The most importuit malformation of the vagina ia its mora or less oomjdcte 
division into two tabes. This is due to the same cauae aa tt double utenu : namely — failure of 
union of the two Miilleiian ducts. As a rare abnormsJitf , may bo mentioned the nou-uniou of 
the caudal ends onlj of the Mullerian ducta ; ao that while the uterus and the apper part of ths 
Toglna ore single, the lower end of the vagina is divided. Congenital obliteratiMi of the lumen 
of the lower part of the vagina sometimes occurs. 
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HYMEN FEMININUS. 

The hymen is a thin vascular fold of mucous membrane, which is situated at the 
vaginal orifice, and narrows this opening so that it will usually only admit the little 
finger ; hence it is generally regarded as evidence of a virgo intacta. 

It usually forms an annular membrane, much broader behind, where it is 
attached just above the fossa navicularis, than in front, where it arises about 
5 mm. to 10 mm. behind the urethral orifice. The fold projects towards the 
exterior, and is compressed from side to side, and the opening appears as a 
vertical slit bounded by lateral lips, the vaginal surfaces of which are in close 
apposition.^ It is only when it is exposed by forcible separation of the lateral 
walls of the pudendal cleft that it appears as an annular or a crescentic fold 
with the edges projecting inwards. Its free edge is usually smooth, but some- 
times notched — hymen finibriatus. In rare cases, the hymen forms a complete 
partition between the vagina and vulva, giving rise to the condition known as 
' imperforate hymen.' It has been described as occasionally cribriform, and even 
in some cases as entirely absent. The small rounded elevations called carunculw 
myrtiformeSy foimd in women who have borne children, are probably the remains 
of the hymen. The vaginal surface of the hymen shows a few folds continuous 
with the rugsB of the vagina, and the vestibular surface is smooth. 

The structure of the hymen is similar to that of the mucous membrane of the 
vagina. 

Various views are held with reference to the origin of the hymen : thas it has been described 
as being derived (1) from the vaginal wall, (2) from the urogenital sinus, and (3) from both 
these ; the upper layer of the fold being vaginal, and the lower urogenital (pudendal). For 
a full discussion and the literature of this question, see Berry Hart, ' A Preliminary Note on 
the Development of the Clitoris, Vagina, and Hymen,' Jour, Anat, and Phys.y vol. zxxi., 1896 ; 

F. J. Taussig, ' The Development of the Hymen,* Amer, Jour, Anat.^ vol. viiL, 1908 ; and 

G. Gellhom, ' Anatomy, Pathology, and Development of the Hymen/ Amer, Jour, Obst., voL 1. 



URETHRA MULIEBRIS. 

The female urethra {urethra muliebris) extends from the bladder downwards and 
forwards, in front of, and parallel to, the lower half of the vagina, and ends below 
by opening on to the roof of the pudendal cleft as the arificium urethrce externum. 
It is about 4 cm. in length, and, except during micturition, is closed by the apposition 
of its walls. The shape of its lumen on transverse section varies at different levels, 
and is also affected by the degree of contraction of its muscular wall. Near the 
upper end, the shape is usually crescentic, with the convexity forwards, owing to a 
prominence on the posterior wall, which extends downwards from the vesical orifice, 
and is known as the crista urethralis. About the middle, it may appear as a trans- 
verse slit about 6 mm. in breadth, or may exhibit a distinctly stellate form. Near 
its lower end, it forms a vertical slit, and its orifice has the same appearance, with 
distinct lateral lips. The mucous membrane, along the whole extent of the urethra, 
is thrown into fine longitudinal folds, which are obliterated on distension. The 
tube can be distended to admit a speculum 14 mm. in diameter without causing 
permanent incontinence. 

The vesical orifice is generally situated about 1 cm. below a horizontal line 
prolonged backwards from the top of the pubic symphysis, and 4 cm. to 6 cm. behind 
the upper border of this joint, being pushed forwards (and also upwards) during the 

1 C J. CuUingworth, ' Note on the Anatomy of the Hymen and that of the Poeterior Commiuare of the 
Vulva/ Jour, Anai. and Phyt., vol xxvii., 1893. 



298 UROGENITAL SYSTEM 

distension of the rectum. As the pubic S3rmphysis inclines downwards and back- 
wards, and the urethra downwards and forwards, they tend to approach one another, 
and the urethra is often only about 1 cm. behind the lower part of the symphysis. 
The orifice is usually placed from 1 cm. to 2 cm. below the lower edge of the 
symphysis. 

Structure and relations of the urethral wall. — The urethra has a firm 
tough wall about 6 mm. in thickness, which blends posterioriy with the anterior 
vaginal wall to form a urethro-vaginal septum, while in front it is separated from the 
pubes by fascia, fat, and a plexus of veins. A strong layer of fascia passes from the 
lower part of the posterior surface of the symphysis and adjacent portions of the 
pubic bones, backwards to the upper part of the urethral wall, forming on each side 
the anterior true ligament of the bladder. The pars intermedia of the clitoris lies 
anterior to the lower end of the urethra. On each side of the urethra is a plexus of 
veins, and near its external orifice these are replaced by the vestibular bulb. The 
pubic part of the levator ani passes backwards, lateral to the urethral wall, a little 
below its middle, but separated from it by fascia and veins (see fig. 267). 

The wall of the urethra consists of a mucous, a submucous, and a muscular coat. 
The mucous membrane is white and covered with a stratified squamous epithelium, 
except near the bladder, where it is transitional. It contains a number of small 
recesses or lacunse, and also numerous small acinous glands, which are homologous 
with the glands of the prostate. The ducts of two of the glands pass downwards, 
and open on the posterior part of the external orifice ; they are known as the ductus 
para-urethrales, or Skene's tubes.^ The loose submucous coat contains a cavernous 
venous network. The muscular coat consists of an inner longitudinal and an outer 
circular layer of non-striped fibres, and some striped fibres, which extend along 
nearly the whole length of the anterior wall, but are only found towards the upper 
part of the posterior wall. 

The Tessels and nerves of the female urethra are very numerous, and are 
derived from the same sources as those of the vagina. 

The female urethra is usually considered to correspond to that part of the mab urethra which 
extends from the vesical orifice to the openings of the utricle and ejaculatory ducts into the 
prostatic portion. Evatt * found in a three-and-a-half months' female fetus, that glands, 
corresponding to those of the prostate at the same age, extended along the whole length of the 
female urethra, and the coalesced MfiUerian ducts and the Wolffian ducts entered the middle 
part of the urethra. He, therefore, holds that the female urethra is homologous with the whole 
of the prostatic portion of the male urethra. 



PARTES GENITALES EXTERNA. 

The pudendun&, or vulTa, is a general term for the female partes genitales 
extemcB. It includes the mons pubis, the labia majora and minora, certain masses 
of erectile tissue forming the clitoris, the vestibular bulbs, and the small and large 
vestibular glands — all of which lie in relation with a deep median pudendal cleft, or 
sinus urogenitalis. The superficial part of the external genitals forms a keel-shaped 
prominence situated in front of the pubic symphysis, and extending backwards into 
the anterior part of the perineum. The prominence is about 6 cm, or 7 cm. broad 
in front, and narrows to about 3 cm. behind. It is separated on each side from the 
median aspect of the thigh by a deep groove (sulcus femorogeniialis), which, in front, 
gradually becomes shallow as it turns outwards towards the inguinal ligament and, 

1 * The Anatomy aad Pathology pf Two Important Glanda of the Female Urethra,* American Journal 
of Obstetrics, vol xiii., April 1880. 

2 Op. eU., p. 294. 
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behind, curves oatwards to become continuoufl witt the gluteal fold. This genital 
emioence is formed by the tnonB pubis and the two labia majora, betweea which 
is the lima pudendl (see fig. 271). 

The manB pnbls (mona Veneris) is an eminence dtuated in front of the pubic 
symphysis, and formed by a mass of areolar and adipose tissue covered by Blcin 
provided with numerous hairs. It is 
continuous above witi the anterior 
abdonunal wall, the junction of the 
two being usually marked by the 
cessation of the pubic hair. Below, 
in passes into the two labia majora, 
and is described as forming their 
anterior commissuie. 

The labia majora (labia majores 
fudendi) are two rounded folds of 
skin, extending downwards and back- 
wards from the mons to within 2 cm. 
or 3 cm. of the anus, and separated 
from one another by the rima pudenda. 
Each labium has an outer convex sur- 
face resembling ordinary slcin, covered 
with hairs, and an inner smooth surface 
of a pinkish colour, which lies against 
the opposite labium. Within the 
substance of the fold, there is found — 
besides fat, vessels, nerves, and glands 
—a tissue resembling that of the dartos 
in the scrotum of the male, to wbich 
the labia majora correspond. The 
labia majora, by their contact, generally 
conceal the other parts of the external 
genitals ; not infrequently, however, in ^''- ^^'~J"^,^™' f^R^l^aZT^""* °' 

" ., . \. - -1 IDCLT FIHU.E. (J. Symington.) 

old persons, the labia minora proiect , ^ ,.., .■ „ u, . ■ l. 

u « J. .™ , V u ™ ™ ,. i 1, right Ubium majiHj 2. monipnbli; 3, nght 

forwards between the labia majora, so n»ti». 
as to .be visible externally. They are 

usually described as uniting in front and behind to form an anterior and a 
posterior conunissure ; but the prominences they form, aa a rule, gradually dis- 
appear posteriorly, and do not turn inwards to form a distinct transverse fold. 

The labia minora, or njmpba, are two narrow pendulous folds of skin, one 
on the inner surface of each labium majus. From theii attached borders, they 
extend downwards, having their ou.t«r surfaces in contact with the labia majora, 
and their inner surfaces against one another. Anteriorly, each labium divides into 
two branches ; the upper of which joins the prepuce of the clitoris, and the other its 
glans. Posteriorly, the labium minus may end by gradually blending with the inner 
surface of the labium majus, but in some cases it can be traced backwards, until it 
becomes continuous with a transverse fold of skin, situated at the anterior edge of 
the perineum, and known as the fourehetle, or frenulum labiontm pudendi. The 
nymphfe and fourchette resemble one another, and differ from the labia majora in 
being devoid of fat. 

In young subjects, the labia minora are of a rose-red colour, and look like a 
mucous membrane ; but as age advances, they become darker in colour and more 
like skin. 
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It ia held by aome that the labia majora turn Inwards, posteriorly, to form a 
transveise fold of Bkin, which ia sometimes regarded as forming the fourchette, or 
as independent of it. Luschka (Das Beckett, 1864, fig. Is.) was apparently the first 
anatomist to direct attention to the fact that the labia minora weie occasionally 
prolonged backvarde to join the 
fouichette. Ballantyne (' The Labia 
majora and Hymen,' Edinburgh Med. 
Jour., 1888), CuUingworth (' A Note 
on the Anatomy of the Hymen and 
of the Posterior Commissure of the 
Vulva,' Jour. Anal, attd Pkys., toI. 
xxvii., 1893), and Blacker (' Some 
Observations on the Topographical 
Anatomy of the Fomrchette,' Jour. 
Anat. and Fhya., vol. ixx., 1896) 
agtee — mainly as the result of clini- 
cal observations — that the fourchette 
onght to be considered as the 
posterior part of the labia minora. 
The presence of a posterior com- 
missure uniting the labia majora 
is very rare, and it is certainly 
incorrect to represent, as some have 
done, the fossa navicularis as being 
situated between the posterior com- 
missure and the fourchette. 

Breotils tlMue. — All the parts 
of the vulva are abundantly supplied 
with blood-vessels ; and in certain 
situations there are masses com- 
posed of venous plexuses, or erectile 
tissue, correspondii^ to those form- 
ing the penis in the male. These 
masses are the corpora cavernosa 
and glans of the clitoris, the pats 
intermedia, and the vestibular bulbs. 
The olltorla, the homologue of 
the penis, is an erectile organ 
composed of two corpora cavernosa, 
a glans, and a pars-intermedia. 
The corpora cavernosa are separated 
behind, where they constitute the 
crura of the clitoris, but they unite in front to form its body. Each 
crus is firmly attached to the inner aspect of the pubic arch, superficial 
to the fascia inferior, and is covered by the ischio-cavernosus, or erector 
clitoridis muscle. Ia the body of the clitoris, the two corpora cavernosa are 
closely united by their flattened inner surfaces, the fibrous septum between 
them (tep,um pedini/orme) being incomplete. The body is fixed by a small 
suspensory ligament to the front of the symphysis pubis, from which point it 
extends forwards for about 2 cm., and then turns sharply downwards and back- 
wards to end in a depression at the base of the glans. The glans is composed of 
spongy erectile tissue which forms the extremity of the cbtoris and, as in the male. 
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possesses a free surface ending at its base in a corona. Thia free surface is 
imperforate, highly sensitive, and suirounded superiorly by a membraneous fold — 
like the prepuce of the penis — while below, it gives attachment to a small fnenum. 
The prepuce and frsnum are continuous with the labia minora. 

The pars intermedia is a slender eloi^ted mass of erectile tissue, which passes 
backwards from the glans nearly to the external orifice of the urethra, where it 
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separates into two lateral portions, which become continuous with the vestibular 
bulbs. It lies just below the body of the clitoris and in the roof of the pudendal 
cleft. The clitoris difEers from the penis in being much smaller and in not beii^ 
traversed by a urethra. In consequence of its smAll size, it is concealed within the 
pudendal cleft, and the upper and lateral surfaces of its body are usually embedded 
in tiie fat of the lower part of the mona pubis. It the clitoris be somewhat 
enlarged, or the fat of the mons pubis small in amount, the dorsal surface of the 
anterior part of the body of the clitoris forms a prominence called the torus clitoridis. 
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The vestibulai bulbs are two oval masses of erectile tissue about 3 cm. long 
andl'Scm.bioad, which are contiiiuous in front with the pars intermedia, and pass 
backwards and outwards lateral to the lower 
endfl of the vagina, urethra, and the adjacent 
poitiou of the pudendal cleft. Each bulb 
is covered on its lateral aspect by the 
correBpooding bulbo-cavemosua muscle, which 
separates it from the pubic arch. 

The oroiranltal space, or pudendal 
cleft, is a median fissure, which opens 
below OD to the surface between the two labia 
majora, and receives at its upper part the 
orifices of the urethra and vagina. The 
superficial part of this cleft is bounded by 
the inner surfaces of the two labia majora 
and the rima pudenda, which bea between 
them; is limited in front by the anterior 
commissure, but, behind, passes over the 
perineal body to become continuous with the 
deft between the buttocks. Deep to this 
(FroiD Kobeit) part of the cleft are the glans clitoridis, with 

The bi(wd-Tcaw1> laive betia injected, ita prepuce and frsenum, the labia minora, and 
m.,».,. num. ,r.n. fQuj^jjetj^ Bctwcen thcBB structures and the 
orifices of the urethra and vagina is the veeti- 
bnle : the part just below the vaginal orifice 
being often called the veatibulum vaginie, and 
the recess between the hymen and the four- 
chette the fossa navicularis. The more superficial port of the space, bounded by 
the labia majora and minora, is lined by akin, and the deeper part by mucoua 
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membrane, which is continuous with the mucous membrane of the utethis 
and vagina. According to Berry Hart, l^e line separating skin from mucous 
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membrane runs from just below the prepuce of the clitoris, backwards, on 
each side along the base of the inner aspect of the labium minus, to the outer 
aspect of the base of the hymen. The mucous membrane is smooth, reddish in 
colour ; is covered by a scaly epithelium, and is provided with a considerable number 
of mucous crypts or follicles, and with glands (glandtUcB vestibutaris minores), which 
secrete an \inctuous and odorous substance. Sebaceous glands are found beneath 
the prepuce and upon the labia majora and minora. Fine, downy hairs can be 
seen on the inner aspect of the labia majora, but none on the labia minora. 

The plandulflD vestlbulaiis majores (Bartholin's or Duvemey's glands, 
fig. 274, n), corresponding to Cowper's glands in the male, are two reddwh-yellow, 
round or oval bodies, measuring about 10 mm. to 12 mm. in the longest diameter, 
and situated at the posterior end of the vestibular bulbs. Sometimes some of their 
lobules project into the bulbs, and they may be broken up into several lobes by 
bundles of fibrous and muscular tissue. Their ducts, which are long and simple, 
open one on each side, a little in front of the fossa navicularis, by the side of the 
vaginal orifice, in the groove between the attached border of the hymen and the 
labium minus (CuUingworth). As a rule, the orifices of these ducts can be 
distinctly recognised with the naked eye. 

Blood-vesselSy Ijrmpl&atiosy and nerves. — Arteries. — The external 
genitals are supplied almost entirely by branches of the internal pudendal arteries, 
but some small branches go to the labia majora from the external pudendal and 
anterior labial branches of the femoral arteries. The erectile tissue receives on 
each side an artery to the vestibular bulb, and a deep and a dorsal branch to the 
clitoris from the internal pudendal. The venous blood is returned through the 
pudendal, vesical, and vaginal plexuses to the hypogastric vein, and by the anterior 
labial and external pudendal veins into the femoral vein. Most of the lymphatic 
vessels from the external genitals pass to the superficial inguinal glands, but some 
go to the glands on the side wall of the pelvis. The sensory nerves to the skin and 
mucous membrane of the external genitals are mainly derived from branches of the 
pudendal nerves (second, third, and fourth sacral) ; the second sacral probably 
supplying the clitoris, the third the posterior part of the labia majora, and the 
fourth the perineum. The skin of the mons pubis, and the anterior part of 
the labia majora, get their nerve-supply from the first and second lumbar nerves, 
through the ilio-inguinal and genito-femoral nerves. The muscles of the external 
genitals are supplied by the pudendal nerves, while the blood-vessels going to 
the erectile tissue are accompanied by vaso-motor fibres of the sympathetic. 

Vartetles. — ^The external genitals in the female may exhibit a more or less marked tendency 
to resemble those of the male, giving rise to the condition known as pseudo-hermaphroditismus 
femininua* The clitoris ia large and prominent, and the external opening of the urogenital 
sinus is small, while the ovaries may have descended into the labia majora. Duplicity of the 
female genitals is usually limited to the uterus and vagina, but in rare cases may also involve the 
external genitals (see Gemmell and Paterson, * Duplication of Bladder, Uterus, Vagina, and 
Vulva, with Successive Full-time Pregnancy and Labour in each Uterus,' Journal of Obstetrics 
and Oynoscology of the British Empire, January 1913). A form of epispadias is met with in 
the female as a very rare abnormality. In epispadias the clitoris and its prepuce are divided, 
and the urethral opening is found between the two halves. 



MAMM^. 

The mammary glands (mammcB), which yield the milk in the female, are 
functionally accessory parts to the reproductive system, while from their position 
and development they are anatomically appendages of the integumentary system. 
They give a name to a large class of vertebrate animals (Mammalia), which are 
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dietinguished by the possession of these oigans. In the human subject, as in 
Primatea generally, these glands consist of one paii, which are pectoral in position. 

Sbape and poaltlon.— When fully developed in the human female, they 
form, together with the integuments and a considerable quantity of fat, two uneven 
henuspherical or conical eminences (the breasts), placed one at each side on the 
antero- lateral aspect of the thorax (fig. 277). A httle below the centre of each 
breast, on a level with the fourth rib, or slightly lower, projects a small cylindrical 
or conical body, named the nipple (papilla mamma), which points forwards and 
outwards, and often somewhat upwards. 

Each gland is situated in the superficial fascia, and extends, in a vertical line 
passing through its nipple, from the second to the sixth or seventh rib, and in a 
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horizontal line, through the same Btmcture, from a little external to the lateral 
border of the sternum, opposite the third int«Tcostal space, to the fourth intercostal 
space, somewhat in front of the mid-axillary line. The gland measures about 
10 cm. to 12 cm. from above downwards, a little more across, and about 3 cm. 
to 4 cm. in thickness opposite its most prominent part. 

The average weight of each gland in the virgin is from 150 grms. to 200 grms. ; 
in the nursing woman from 400 gima. to 500 grma. (Testut). 

In the adult nullipara, the superficial or cutaneous surface of the gland is convex, 
but uneven, owing to the presence of numerous irregular processes passing towards 
the skin, with which some of them are united by bands of connective tissue — the 
so-called ligaments of Astley Cooper. * Lobules of fat occupy the intervals between 
these processes. This surface looks forwards and outwards. The posterior <n 
deep surface of the gland is smooth and concave, and lies in close contact with the 
deep fascia with which it is connected by loose cellular tissue generally devoid 

I On At Aruaomi/ ofihe Braul, Loadon, IB40. 
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of fat. The upper and median portion of thia surface, compiising about two-thirds 
of its whole extent, lies upon the pectoraUs major ; external to this muscle, the 
posterior surface rests on the axillary fascia, which separates it from the serratns 
anterior, and, lower down, it is in relation with the digitations of the serratns anterior 
and external oblique, which arise from the fifth and sixth ribs.* The median half 
or so of the circumference of the gUnd is thin and not sharply defined, but breaks 
up into numerous irregular processes, which branch and imite to form a reticular 
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formation enclosing lobules (A fat. The stroma of the peripheral processes, where 
the gland tissue ceases, becomes directly continuous with the connective -tissue 
framework of the adjacent fat lobules. 

The lateral half, on the other hand, is thick and rounded, and separated from 
the adjacent fat by a well-marked layer of fibrous tissue (fig. 277). OccaaionaUy, 
small processes of the gland penetrate the deep fascia, and are found embedded in 
the subjacent muscular tissue. 

Stmotore of the paplUa manunsB or nipple.^ — The surface of the 
nipple is dark, and around it there is a coloured circle or areda mamma, within 
which the skin is also of a darker tinge than elsewhere. In the virgin, these parts 
are of a rosy pink colour, difCering somewhat according to the complexion of the 
individual, but they ate always darker in women who have borne children. Even 
in the second month of the first pregnancy, the areola begins to enlarge and acquires 
a darker tinge ; these changes go on increasing as gestation advances, and are 
regarded as signs to be relied on in judging of auspect«d pregnancy. After lactation 
is over, the dark colour subsides, but never entirely disappears. The skin of the 
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nipple is marked with many wrinkles, 
and is covered with papillie ; besides 
this, it ia perforated at the tip hj 
about twenty foramina, which are the 
openingB of the lactiferous ducts ; and 
near its base, as well as upon the 
BUiface of the areola, there are scatt«red 
rounded elevations, which are caused by 
the presence of well-marked sebaceous 
glands with branched ducts — four or 
Ave of vhich open on each elevatioD. 
The sudoriferous glands of the areola 
are also large and much convoluted, 
but there are no sudoriferous glands 
in the nipple proper, noi are there 
any hair follicles. The tissue of the 
nipple contains a large number of 
vessels, together with much plain 
muscular tissue, and its papilla are 
highly sensitive ; it becomes finnei 
and more projecting from mechanical 
excitement — a change caused by coo- 
traction of the muscular fibres, which 
form concentric circles round the base 
of the nipple, and radiating bands 
running from base to apex. There is a 
quantity of plain muscular tissue in 
the subcutaneous tissue of the areola. 

Straotnre of the wiamiwa. — 
The mamma is composed of ^ndulat 
tissue, 3upport«d by a comiective- 
tiBsue stroma, in which the blood- 
vessels, lymphatics, and nerves ramify. 
It also comprises a greater or less 
amount of adipose tissue. The relative 
amount and distribution of these con- 
stituente varies considerably according 
to the age of the individual, and 
whether the gland is, has been, or 
has not been, functionally active. In 
the adult nulhpara, the gland is usually 
a firm, conical mass, with its apex at 
the nipple. This part is called the 
corpus nuunmfe; from it, peripheral 
processes extend in various directions. 
Under the nipple and areola, the stroma 
is entirely devoid of fat, but towards 
the circumference a few fat lobules 
may be embedded in it. The stroma 
of the peripheral processes, where the 
gland tissue ceases, becomes directly 
continuous with the connective-tissue 
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fiameworb of the adjacent fat 
lobules. At puberty, the gland 
appears, on external examination, 
to be wcU developed ; but it 
really consiata mainly of stroma 
and excretory ducte — the true 
secreting acini being few in 
number. During pregnancy and 
lactation, the gland tissue proper 
undergoes a marked develop- 
ment, and the stroma is relatively 
reduced in amount, so that on 
section the gland presents to the 
naked eye a close resemblance to 
a salivary gland. After the period 
of functional activity is ended, the 
g^nd returns by a process of 
involution to ita resting -stage, but 
it does not regain the Appearances 
it exhibited before pregnancy. 
Thus the main compact mass of 
the gland or corpus marnmiB is 
less distinct, and its stroma is 
looser and contains numerous 
fat lobules, while the peripheral 
processes are larger and have a 
more extensive distribution. A 
layer of fat of greater or less 
thickness is now usually found be- 
tween the gland and tbedeep fascia. 

After the menopause, the 
appearance of the gland varies 
according to the general condition 
of the subject. Thus in thin 
women it forms a somewhat 
flattened disk, which comes into 
close relation both with the skin 
and the subjacent muscles ; while 
in obese women, the mamma is 
composed mainly of fat, the 
stroma investing the parenchyma 
forming a wide open meahwork, 
except in the immediate vicinity 
of the nipple. 

The glandular substance of 
the mamma consists of numerous 
distinctlobes(/o&itnammce), which 
may be as many as twenty in 
number, held together by firm 
int«rveniDg fibrous or areolar 
tissue, and having adipose tissue 
penetrating between them. Each lat ; othei letien u iu Bg. 278. 
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of these lobes is provided witli an excretory duct, and is subdivided into 
smaller lobes, and these again into the lobulea (lobuh mamma), which are beset 
with the alveoli. Each lobe is practically a distinct gland, although the lobes come 
into close contact with one another. Sometimes, besides the principal lobes, 
small accessory lobes or glands are met with near the base of the nipple. The 
lobules are separated from one another in the human subject by a large quantity o£ 
areolar tissue (fig. 281). The interlobular tissue contains numerous plaama-cellfl. 
The substance of the lobules is of a pale reddish cream-colour, contrasting with the 
adjacent fat, and is rather firm. The excretory ducts, named the lactijeroiu ducU, 
ore, like the lobes, about twenty in number ; they converge towards the areola 
beneath which they become considerably dilated, especially during lactation, so as 
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to form ampuUa or sinw lacti/eri, about 12 mm. long and 6 mm. wide (fig. 276), 
which serve as small temporary reservoirs for the milk. At the base of the nipple, 
all these ducts, again reduced in size, are assembled together — those in tbe centre 
being the largest— and then proceed, side by side, surrounded by areolar tissue and 
vessels, and without communicating with each other, to the summit of the nipple, 
where they open by separate orifices ; these orifices are seated in little depressions, 
and are smaller than the ducts. The walls of the ducts are composed of areolar 
tissue, with longitudinal and circular elastic fibres, but without muscular tissue, and 
are lined by a single layer of columnar cells, except near their orifices, where the 
epithelium is squamous and stratified. In the virgin, the alveoli are occupied by 
polyhedral cells, but during lactation they are distended, and have large lumina. 
which, like the ducts, are filled with milk. After lactation is over, the glandular 
tissue undergoes involution, but still remains more abundant than in the virgin 
condition. The breasts tend to become relaxed and pendulous by frequent 
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lactation, especially in wajm climates. The skin over the breasts beyond the 
Areola is smooth and usually very white. 

In the adult male, the iBammary gland and all its parta exist, but quit« in a 
rudimentary state, the gland itself measuring only from 15 mm. to 20 mm. across, 
and about i nun, thick. Occasionally, the male in w"'>"a — especially in young 
subjects — enlarges and gives out a thin watery fluid ; and, in rare cases, it has 
secreted milk. 

Blood-Tas»al», iTinpliatlos, and mervsa. — The arterlaa which supply 
the mammary glands are the external mammary and some other branchra of 
the axillary artery, the internal mammary from the subclavian, and the subjacent 
itU^rcosUds. 

The arteries end in a rich netvork of capillaries around the alveoli and in 
cavernous or erectile tissue in the nipple. The Tslns generally correspond to 
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the arteries, but those on the surface of the gland are not usually accompanied by 
arteries. The lymphatlos within the mammary gland iorm plexuses in the 
connective tissue around the atveoh and ducts. There are also lymphatics, which 
accompany the blood-vessels in the gland, and, as elsewhere, the smaller blood-vessels 
have nsutdly a single accompanying lymphatic vessel of much larger calibre than 
the artery itself, while the sheaths of the larger vessels contain two or three 
lymphatics (Stiles). These perivascular lymphatics communicate freely with those 
around the lobules and ducts of the gland. In addition to the intramammary 
lymphatics, there are four other sets of vessels connected with the mammary 
lymphatic system : namely — cutaneous, Buhareoiar of Sappey, otroum-mammary, and 
Tdro-mamman/. The lymphatics from the inner part of the gland pass with the 
perforating branches of the internal mammary artery to join the small sternal 
glands situated along the course of this vesael. On the outer side of the ^and 
the vessels are much larger, and unite to form two or three principal trunks which 
pass to lymphatic glands in the axilla. The nerves proceed from the anterior 
and lateral intercostal cutaneous branches. They pass partly to the glandular 
substance and blood-vessels, partly to the skin. In the nipple, many of them 
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end in tactile corpuscles within the papillse, and some of those in or near the 
areola enter Pacinian corpuscles. 

BeTelopmeiit of tlie mammary fland. — ^The first rudiment of the mammary gland 
appears as a thickening (milk-line or ridge) of the epithelium on the ventro-lateral aspect 
of each side of the trunk between the fore- and hind-limbs. This thickening was described 
and figured in a human embryo about 15 mm. long, by Kallius (* £in Fall von Milchleiste 
bei einem menschlichen Embryo/ Anat, HtfUy Heft 24, 1898), and it has since been observed 
in still younger embryos : for instance, by C. Elza (Altai. HefUy Heft 106), in one 9*5 mm. long. 
The thickening grows downwards and spreads laterally, so as to form a lens-shaped mass, which 
soon becomes sunk below the general surface. From this common invagination, there are 
special outgrowths of the epithelium into the corium — one for each lobe of the future gland. 
These outgrowths, as in other racemose glands, become branched, and their branches end 
in enlargements. 

The formation of these sprouts goes on until birth ; but the development of glandular alveoli 
from them does not occur until the approach of puberty, in the female, and in the male not at 
all. The projection of the nipple from the rest of the mammary area does not begin until about 
the first year after birth ; within it, a large amount of plain muscular tissue becomes formed. 
The remainder of the mammary area becomes the areola. As the nipple grows, it carries the 
ducts of the various lobes of the gland with it, so that they open on the surface by separate 
orifices. 

The subsequent growth of the gland is comparatively tardy. At the third or fourth year 
of infancy, there is little or no difference in male and female children. The fuller development 
of the gland in the female occurs only towards puberty. It is probable that during the later 
period of pregnancy, not only do the alveoli increase in size, but new alveoli may bud laterally 
from the pre-existing ones, and that after lactation some of the alveoli may become atrophied 
and disappear. 

Blorpholog'y. — ^The mammary glands are generally considered to belong to the t3rpe 
of sudoriferous glands — both arising as divergent forms of a primitive tubular gland. Sebaceous 
glands have been observed opening into the ducts of mammary glands, and from this fact it 
has been suggested by some that the mammary glands are modified sebaceous glands. In 
Echidna, and in the Marsupialia, hair follicles, sebaceous glands, and mammary glands are formed 
as sprouts from the primary epitheUal downgrowth, but the hair follicles and their associated 
sebaceous glands tend to atrophy and disappear. Eggeling ( ^ Ueber ein wichtiges Stadium in der 
Entwiokelung der menschlichen Milchdriise,' Anat. Anzeig., Bd. xxiv., 1904) has recorded 
an example of a somewhat similar condition in a human embryo. The occasional association 
of mammary and sebaceous ducts is apparently due to the atrophy of the hair follicles. 
Qegenbaur considered that the mammary organs had a diphyletic origin : the milk glands of 
Omithorhynchus and Echidna being modified sweat-glands, and those of all the higher mammals 
sebaceous glands ; but a more extended knowledge of the development of the mammary glands 
in different mammalian groups would appear to demonstrate the fact that they all belong to 
the same type. In the Omithorhjmchus, and probably also in the Echidna, there are no teats, 
and the secretion is discharged on to a flat surface by a number of separate openings. In the 
human subject, the ducts terminate separately at the summit of the nipple ; while in the majority 
of placental mammals, they ojpen at the base of the nipple into a common duct, by which the 
milk is conveyed through the nipple on to the surface. The number and position of the teats 
vary considerably, ranging from one to ten or eleven pairs, and being pectoral in some mammals, 
inguinal in others ; while in many they extend along the whole length of the ventral surface of 
the trunk. 

Varieties. — Entire absence of both glands and nipples is very rare ; a few such instances, 
however, are recorded in otherwise normally developisd individuals. Thus W. Wylie (* Oaae 
of Entire Absence of both Mammae in a Female, aged Twenty-one Years,* Brit. Med. Jour., 
1888, vol. xi., p. 235) has recorded this condition. A small mole existed where the right nipple 
is normally situated. In another case, reported by Batchelor (* Absence of Mammae in a Woman,' 
Brit, Med. Jour., 1888, vol. xi., p. 876), the usual position of each nipple was occupied by a small 
area of pigmented skin. It may be associated with absence of hair and an atrophic condition of 
the other integumentary appendages. Absence of one mammary gland is almost as uncommon 
as that of both, and is usually associated with an imperfect development of the thoracic wall 
on the same side. The glands themselves may be well formed, but the nipples absent. Such 
cases are of interest developmentally, as the papillary elevation of the skin giving rise to the 
nipple is secondary to the epithelial downgrowth iiSm which the gland itself is formed. 

It was shown by O. Schultze (* Ueber die erste Anlage des Milchdr&senapparates,' Anai. 
Anzeig., Bd. vii., s. 265) that in the embryo of various mammals — such as the cat, rabbit, and 
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mole~a line of thickened epithelium is formed on each side of the trunk, extending from the 
axilla downwards and inwards to the groin. It is at intervals along this line that the mammary 
glands are developed in polymastic mammals ; and in the great majority of additional glands in 
the human subject they are found in a corresponding position, and may be designated axillary, 
pectoral, abdominal, inguinal, or pudendal mammae. The supernumerary mammary structures 
are usually represented by the nipple only (polythely) ; but in some cases the glandular tissue 
is well developed and may be functionally active (polymasty). Most of the cases of additional 
mammse appear, on one or both sides, just below and internal to the normal pair. The largest 
number of additional glands that has hitherto been recorded is eight. In this instance, which 
was described by Neugebauer (* Eline bisher einzig dastehendo Beobachtung von Polymastie 
mit 10 Brustwarzen,* CentraJbl.f. Oynakologiey 1886), in a woman aged twenty-three, there were 
three pairs of nipples above the normal ones, and one pair below. It is probable that in this 
case, as Roger Williams (* Polymastism,* Jovr, Anat. and Phya., voL xxv., 1891) suggests, the 
two nipples below the normal pair did not represent a pair of glands, but single examples of 
two pairs, as the right one was some inches higher up than the left. If such be the case there 
were representatives of six pairs of glands in this woman. Ammon ('Einige Bemerkungen 
betreffend das Vorkommen der iiberz&hligen Brustwarzen und die Richtung der Kdrperbaare 
auf der Brust,* MilgetheiU in B. Weidersheim : Der Ban des Menschen als Zeugniss fUr seine 
Verffangenheit, 1893), has described a case of three additional pairs of nipples in a man aged 
twenty-two years. One pair was placed above the normal nipples on the anterior folds of the 
axillae, another near the lower margin of the chest wall, and the lowest on the anterior wall 
of the abdomen above the level of the umbilicus. A number of oases of axillary mammse with 
nipples have been recorded : sometimes, however, the sudoriferous glands of the axilla become 
enlarged during pregnancy and secrete milk (Champneys and Bowlby, ' Further Observations 
on the Development of Mammary Functions by the Skin of Lying-in Women,* Medico-chirurgical 
TranaaduyM of London^ vol. bdx., 1895). Less frequently, mammary glands have been observed 
on the mons pubis (Blum, ' Fall von supemumer&rer Mamma im Bereich des behaarten Mons 
Veneris mit 7 Warzen,' MUnchener med. Wochenach,, Bd. liv., 1907). Those supernumerary 
glands which appear along the milk-line may be regarded as of an atavistic nature. Super- 
numerary glands, however, may appear on other parts of the body {mamma erralicce) as over 
the acromion process, on the upper part of the thigh, or even on the back ; such cases show 
the capacity of other cutaneous glands to take on a mammary fimction. (For a fuU discussion 
of the morphology and variations of the mammary glands consult Bonnet, * Die Mammarorgane 
im Lichte der Ontogenie und Fhylogenie,* Ergebnisse derAnatomit und EntwickelungsgeBchichie, 
Bd. ii.. 1893, and Bd. vii., 1898 ; and Bresslau, * Der Mammarapparat,* Ibid,, Bd. xix., 1909.) 
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The remaining organs to be described all belong to tbe claaa of bodies known as 
ductless glands. Some of tliese^such as the ^leen and the lymphatic glands — aie 
concerned in the formation of lymph. Others — such as the thyroid gland and the 
parathyroids, the thymus, the suprarenal glands and variouB paia^nglia, and the 
pituitary body — are internally secreting glands. The microscopic structure of all 
these glands is described in Fart I. of this volume. The general distribution of 
the lymphatic glands will be given in Vol. IV., and the naked-eye anatomy 
of the pituitary body is described in Vol. III., Part I. The macroscopic anatomy 
of the spleen, the thyroid and parathyroid, the thymus, the suprarenal glands, 
and the small paraganglia, will be noticed here. 



~ The lien or apltteii (figs. 282 to 286) is a soft, highly vascular contractile and 
very elastic organ of a dark purplish colour. It is {Jaced obliquely behind the 
stomach, its upper and inner end being in the posterior part of the left epigastric 
region, the larger portion in the left hypochondriac re^on, while its lower extremity 
reaches into the left lumbar 
re^on (Addison). Its size varies 
considerably not merely in 
diSerent individuals, but in the 
same person, according to its 
degree of vascularity ; so that 
it ia difficult to state what are 
its ordinary dimensions and 
weight. Its long axis, which 
is directed from above down- 
wards, outwards, and somewhat 
forwards, nearly parallel to 
the posterior part of the lower 
ribs, measures about 12 cm., its 
breadth b 8 cm., and thickness 
Fio. 28S.— The bflibm or ah diumt *ani nvi diis, 3 Cm. to i cm. It hes opposite 
, ... — i^^BiM^or^iDic iiBTHOD. the nluth, teuth, and eleventh 

ribs, and extends from about 
r "b^^b^^ 'p.t! tlie level of the upper border of 

poat«ria cr portoro-intenud border; i.b.a, iotomiJ buio the body of the eleventh thotacic 

ugle; ».B.A.w.i«.«b«<,«gl.: B. Ulan,. vertebra to the upper border 

of the first lumbar. In the 
adult, it may vary in weight from 100 grms. to 300 gims., the average being about 
170 grms. Its volume varies enormously, but usually does not exceed 200 c.c. 
to 300 c.c. After the age of forty, the average weight gradually diminishes. In 
intermittent, and some other fevers, the spleen is much enlai^d, reaching below 
the ribs, and often weighing as much as 18 lb. to 20 lb. It is the largest of the 
ductless glands, 
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The liver, the atomsch, the greater part of the small inteatine, and the tana«erae colon hme been 
remored. P, paocreaa; d, dnodenum ; d.j., duodena- jejunAl fleiure; above the daodenum, uid 
between it and tbe bead of the pancreas, are <een the bile-duct, portiU vein, and hepatio artery; ok. 
eoL, dtx. coL, aaoending and deeceading colon ; 9^., spleen ; r.jt., l.k., right and left kidneys ; «.r., f.r'., 
right and left snprKrenal glanda ; pi. peritoneum at the back of the abdominal cavity ; m, licie of reflexion 
of tbe mesentery ; the line of reflexion of tb« Cransrerse meaooolon is seeQ along the Loirer edge of the piincnaa 
and anaaing the duodenum. 
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Surfeces and border*. — When haidened in sku, the spleen has, aocord- 
iug to Cuniungliain,! the shape of an inegulai tetrahedron, with its apex above and 
its baae below. Its four surfaces are termed dia'pkragmatic, renal, gtwtjic, and bofol. 
Of these, the diaphragmatic is large and convex, and lies against the diaphragm. In 
the greater part of its extent it looks upwards, backwards, and to the left, but neai 
its upper end somewhat inwards. It is separated from the ninth, tenth, and eleventh 
libs not only by the peritoneum and the diaphragm, but also in about its upper 
third by the left lung, and in nearly its whole extent by the left pleura. The left 
lobe of the liver is occasionally found in the adult to extend backwards and to the 
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left on to the upper part of the diaphragmatic surface, but in the fetus it normally 
occupies this position. The renal surface is generally flat, and narrower than the 
gastric, and does not reach so high as either the gastric or diaphragmatic surfaces. 
Above, it generally touches the suprarenal gland, and in the rest of its extent is 
in close relation with the outer aspect of the left kidney. It looks inwards and 
downwards. The gaatric surface is concave, and looks forwards and inwards. In 
the greater part of its extent it lies against the posterior surface of the stomach, but 
towards its lower end, and behind its hilum, it touches the tail of the pancreas. This 
surface presents, parallel to and near its inner border (see fig. 282), a long fissure, 
or, more frequently, a series of depressions, termed the hilum, through which the 
vessels and nerves enter the spleen, and around which the peritoneum is reflected 
fiom the surface of the organ. The upper and inner extremity of the spleen is 
directed inwards, and reaches to about 3 cm. from the left side of the vertebral 
columnn, usually opposite the body of the eleventh thoracic vertebra. The lower 
and outer end is blunt, and presents a triangular area, which may be termed the 
basal surface (Cunnmgham). It lies against the tail of the pancreas, the splenic 
flexure of the colon, and the oosto-coUc ligaments. If the tail of the pancreas be 
unusually large (see fig. 81), it may separate the colon entirely from the spleen ; 
occasionally, with the splenic flexure of the colon contracted, some convolutions 
of the jejunum may be applied to the basal surface. 

' ' On the Form ol the Spleen ind the Kidneys,' Jour, Anal, and Fhj/i., tdL iiii., Jniy 1896. 
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Of the borders of the spleen, the anterior, situated between the gastric and 
diaphragmatic surfaces, is the most prominent, and is usually marked near its lower 
end by one or two notches. Traced from its inner end, it is seen to curve outwards 
with the convexity of the curve upwards. This part of the anterior border reaches 
forwards and upwards between the diaphragm and the stomach nearly as high as the 
fundus of the stomach. Towards the left side, this border turns dow)iwards and 
somewhat forwards, being in close contact with the chest wall near the mid-axillary 
line and nearly parallel to the ninth rib. The posterior border is between the 
renal and the diaphragmatic surfaces. It is indistinct above, but lower down 
becomes well marked, sometimes dipping slightly inwards between the diaphragm 
and the kidney. It is inclined downwards and outwards, opposite the lower border 
of the eleventh rib. The anterior and posterior borders are united by an inferior 
border, which separates the diaphragmatic and renal surfaces. The inner border 
lies slightly internal to the hilum. It joins the anterior border above, and, passing 
downwards slightly internal to the hilum, separates the gastric and renal surfaces. 

Aelatlon to peritoneum (see figs, 283, 284). — The spleen is almost 
entirely covered by peritonemm, which is firmly connected with its capsule. It also 
gives attachment to two peritoneal folds — the gastro-splenic ligament and the lieno- 
renal ligament. The gastro-splenic ligament consists of two layers of peritoneum, 
which pass from the front of the hilum of the spleen, forwards and outwards, to the 
posterior surface of the stomach near its left border. If the outer of these layers be 
traced over the spleen, it will be found to cover the gastric surface to the left of the 
hilum, the diaphragmatic surface, and the posterior part of the renal surface. It is 
then reflected on to the kidney, forming the posterior layer of the lieno-renal 
ligament. The inner layer of the gastro-splenic ligament is derived from the lesser 
sac, and is continued into the anterior layer of the lieno-renal ligament. Below, 
the two layers of the gastro-splenic ligament are continuous with the great 
omentum. The splenic vessels pass to the spleen between the layers of the lieno- 
renal ligament. The lower part of the renal surface of the spleen is often uncovered 
by peritonexmi, the posterior layer of the lieno-renal ligament being reflected from 
near the posterior border of the spleen on to the kidney (see fig. 80). 

Varlattons. — ^Parsons ^ found notches on the posterior and inferior borders and fissures 
on the diaphragmatic surface of the spleen, in addition to the notches usually described on the 
anterior border. The anterior border was destitute of notches in eight out of 113 specimens 
examined; two was the commonest number, but in one case there were seven. Notches 
on the posterior border occurred in 32 per cent., and on the inferior border in 8 per cent, of 
the cases. The fissures on the diaphragmatic surface do not appear to represent the persistence 
of a primitive lobulation, but are apparently * secondary developments caused by a crumpb'ng 
of the viscus through pressure, and by its growth being checked by traction at certain points.' 

Aooessory spleens. — Small detached roundish nodules are occasionally found in the 
neighbourhood of the spleen similar to it in substance. These -are commonly named accessory 
or supplementary spleens {splenctUi, liencvli). One or two most commonly occur, but a greater 
number — and even up to twenty-three — ^have been met with. They are small rounded masses 
varjring from the size of a pea to that of a walnut. They may be found along the borders of 
the spleen — especially the anterior — and in the hilum. They also occur some little distance 
from the spleen — as in the great omentum, transverse mesocolon, and gastro-lienal ligament, 
and, near the pancreas, embedded in the connective tissue surrounding the splenic vessels 
(see Haberer, ' Lien succenturiatus und Lien accessorius,* Arch,f, Anat., 1901). 

Spleen In tbe inflant. — ^The spleen is relatively slightly larger in the new-bom child 
than in the adult, but the peculiarities in the infant are mainly due to the large size of the liver 
and suprarenal gland. The under-surface of the left lobe of the liver is normally in contact 
with it at birth, and, according to Ballantyne, the hepatic area of the spleen is larger than any 
of the other surfaces. The same observer suggests that the renal surface in the new-bom infant 
is more appropriately named the suprarenal, as this organ lies in contact with it and separates 
it in almost the whole of its extent from the kidney. 

I ' On the Notches and Fisanree of the Spleen and their Meaning,* Jowr, Anat, and Phyg., vol zxxv., 
April 1901. 
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STRUCTURE OF THS SPLEEN. 



The spleen has two membianous investments — a serous coat derived from the 
peiitonenm, and a fhroa* coat (tunica jtropria). The aoft substance ipuip) of the 
organ is supported b7 a reticular framework of fibrous and muscular bands 
(Irabeculm), 

The BeTotia ooat is thin, smooth, and firmly adherent to the tunica propria 
beneath. It closel; investe nearly the whole surface of the organ. 

The tnnloa propria (fig. 286), much thicker and stronger than the serous 
coat, is whitish in colour and highly elastic. It is continuous with the trabecular 
structure within. Along the hilum, this coat is reflected into the interior of the 
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spleen, in the form of large txabeculte, supported and enclosed by which run the 
blood-vessels and nerves ; so that these are enaheathed by prolongatdons of the 
fibrous coat. These sheaths ramify with the vessels which they include, as far as 
their finer subdivisions, and are connected with numerous trabecular processes 
which pass into the interior from the whole iimer surface of the fibrous coat. The 
arrangement of the sheaths and trabecuiss may be easily displayed in the spleen <d 
the ox by pressing and washing out the pulp from a thick section ; and then they 
are seen to form a close reticulaticm through the substance. Thus, the fibrous 
coat, the sheaths of the vessels, and the trabecule, all of a highly elastic oatnre, 
constitute a distensible framework, which contains in its iutMstices or areolte the 
red pulp. These fibrous structures are composed of interlaced bundles of areolar 
tissue containing a large amount of fine elastic tissue, and a few plain maacular 
fibre-cells. In the spleen of the pig, the dog, and the cat, and to a smaller extent 
in that of the ox and sheep, there is a far more abundant admixture of muscular 
tissue, and this tissue ezLibits a regular rhythmic contractility (Roy). 

The pulp of the spleen is of a dark reddish-brown colour : when pressed out 
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from between the trabeculiB it resembles venous blood, and, like that, acqoiies a 
brigbter hne on exposure to the air. In fact, what is thns pressed out from the 
dead spleen is mainly clotted blood. The pulp consists of a reticulum of flnfr 
fibres continuous with the tiabeculte and covered by branched connective-tissue 
corpuscles. The interspaces between these cells are occupied by blood, but with 
a rather largei proportion of whit« corpuscles than in ordinary blood. 

Blo<Ml-T«BKel«, lympliatios, and nerrea. — ^The Mplenio arterj (arteria 
lienaiu), which supplies the spleen, is the largest branch of the cceliac axis. It takes 
a tortuous course to the left, along the upper border of the pancreas, and divides 
into a number of branches, these do not anastomose with one another, but entering 
the hilnm, are distribut«d as terminal arteries to different areas of the organ. The 
Tesflelfi first ramify along the trabecular sheaths, and, as they become amallei, art 
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invested by an adventitia derived from the trabecule This adventitia becomes 
trausfonned into lymphoid tissue, which forms a comparatively thick sheath along 
each. The vessels then divide into small tufts of arterioles arranged in pencils 
(fig. 287). The lymphoid sheath is abruptly dilat«d here and there Into small oval 
OF spheroidal ei^rgements, measuring on an average 0'36 mm. in diameter, but 
varying in size from much smaller than this up to 1 mm., and closely resembling 
the lymphoid follicles met with in the intestine and elsewhere. These lymphoid 
expansions may be seen on the surface of a fresh section of the organ as light-coloured 
spots scattered in the dark substance composing the pulp, andhave been longnoticed 
and described as the MalplrUan oorpaaolea (Twdvli lymfhatid lienaiie) of 
the spleen (fig. 287). In some cases, the corpuscle is developed upon one side only of 
thearterialwall, upon which it then appears to be sessile ; whilst in other instances 
— and this is the most frequent in the human subject — the expansion takes place 
all round the circumference of the vessel, by which it then appears to be pierced. 
In either case the artery sends oS radiating branches to be distributed in the 
Malpighian corpuscle. 

The arteries terminate in capillary vessels, which soon lose their tubular cha- 
racter ; the cells which compose their wall becoming partially separated from one 
another by elongated clefts ; those at the extremity of the capillary have branching 
processes, and are united by these with the branched connective -tissue cells of the 
pulp. In this manner the blood can flow directly into the interstices of the pulp^ 
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tissue. The veinsy which form a network of intercommunicating spaces within 
the pulp, commence in the same manner as the capillaries terminate : that is to 
say, the layer of flattened cells which lines and mainly composes their walls, on 
being traced back, loses its epithelioid character, and the cells, becoming thickened 
and spindle-shaped, and their nuclei prominent, are found to be separated here 
and there from each other, and to be connected by processes with the cells of the 
pulp (fig. 288). The small veins take a difierent course from the arteries; for 
they soon pass to the trabeculse, and are conducted upon and within these, freely 
joining and anastomosing; whereas the arteries appear to have few or no 
anastomoses within the substance of the organ. 

The splenic vein ends by joining the superior mesenteric to form the vena 
porta, which breaks up into branches within the liver. 

The lympbatlos of the spleen form two systems : a trabecular and a peri- 
vascular. The vessels belonging to the former system run in the trabeculaB, and 
are in communication with a superficial network in the capsule. The perivascular 
lymphatics take origin in the interstices of the lymphoid tissue which ensheaths 
the smaller arteries, and which forms the Malpighian corpuscles; they do not, 
therefore, at first, form distinct vessels. Lymphatic vessels have not been traced 
into the splenic pulp. The vessels, few in number, leave the spleen at the hilum 
and pass to some glands situated just outside the organ. 

The nerves, derived from the coeliac plexus, surroimd and accompany the 
splenic artery and its branches. They are most probably distributed to the vessels 
and plain muscular tissue of the framework. 

GLANDULA THYROIDEA. 

The tlijrold gland is a soft, brownish-red, and highly vascular organ, 
consisting of two lateral lobes (lobus dexter et sinister), generally united 
towards their lower ends by a transverse portion named the isthmus. Viewed 
as a whole, it is convex on its external and anterior aspects, forming a rounded 
projection upon the trachea and larynx, which is often distinctly visible in the 
living body, especially in thin individuals. 

Relations* — It is covered by the skin, the superficial and deep layers of 
the cervical fascia, and the stemo-hyoid, omo-hyoid, and stemo-thyroid muscles 
— ^the last-mentioned being in close contact with the lateral lobes. The stemo- 
cleido-mastoid muscles also overlap it. Its deep surface is concave where it rests 
against the trachea and larynx, and, external to these structures and the inferior 
laryngeal nerves, its lateral lobes extend backwards to the sides of the pharynx 
and oesophagus. In consequence of the deviation of the oesophagus to the left 
side, the lower end of the left lateral lobe lies slightly in front of that structure. 
The lateral lobes also pass outwards in front of the common carotid arteries, the 
carotid sheaths intervening. Each lateral lobe is somewhat conical in form with 
the apex upwards, and extends from the fifth or sixth ring of the trachea to the 
side of the thyroid cartilage, of which it covers the inferior comu and adjacent 
portion of the lamina. The transverse portion or isthmus commonly lies across the 
second, third, and fourth rings of the trachea, but is very inconstant in size, shape, 
and position. From the upper part of the isthmus, or from the adjacent portions 
of one of the lobes, a slender conical process, called the lobus pjrsmidalis, 
often proceeds upwards to the hyoid bone, to which it is attached by fibrous or 
muscular tissue (fig. 290). The thyroid gland is connected to the trachea and 
larynx by fibrous tissue, so that it follows the movements of these organs. In 
front, the pre-tracheal fascia extends from the isthmus and adjacent portions of 
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the lateral lobes upwards to the front of the cricoid cartilage and the lower border 
of the th3Toid cartilage, forming a somewhat indistinct anterior ligament of the 
gland. Further, each lateral lobe is attached by a firm band of fibrous tissue— the 
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B, deeper dineolioD. The Diiuclea mpeificiol to the gland have been reflected. 

lateral ligament — to the side of the cricoid cartilage and the first two or three rings 
of the trachea.' 

Size, welrht, and colour. — The size of the th}Toid gland is considerably 
a&ected by the degree to which its blood-vessels may happen to be distended ; 
while the glandular elements present are subject to marked individual 
variations in size, so that any estimate of the dimensions of the gland can only 
be approximate. The greatest transverse diameter is about 5 cm., the vertical 

r. Anal, and Phyi., 



I J. Berry, 'SuBpetuory LigBiE 
vol. uiL. July 188B ; and Sebileau, 



320 



DUCTLESS GLANDS 



extent of each lateral lobe about the same, and of the iBthmuB 1 cm. to 2 cm., 

and the antero-posterior diameter of the lateral lobes 2 cm., and of the isthmae 

about 05 cm. 

The weight of the thyroid body ie ordinarily 30 grms. to 40gmiB. It is generally 

larger in females than in males, and appears in many of the former to undergo 
a periodic increase about the time of menstrua- 
tion. In the fetus, and during early infancy, 
this organ is relatively larger than in after-life ; 
its proportion to the weight of the body in the 
new-bom infant being that of 1 to 210 or 400, 
whilst at the end of three weeks it becomes only 
1 to 1160, and in the adult 1 to 1800 (Krause). 
Its colour is usually of a dusky brownish 
red, but sometimes of a yellowish hue. 

BCorpboloryr—Developmentdll;, the tbyroid gUnd 
ii a, part of the alimeDtdry cuul, being formed by an 
outgrowth from the primitive pharynx, and, therefore, 
Un«d by endoderm. In the larval form of the Cyclo- 
stomes (Ammoccetos), a homologous structme, known 
aa the endostyle, ig formed, which i« of a glandolu 
nature, and discha^jea ita secretion into the alimentarj- 
canai. In the adult QTctoBtomes (Petromyzon), and 
in all the Vertebrat«i — from Gshee to mammaU — the 
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pharyngeal outgrowth becomes ahnt off from ita primitive cunneiion with the phatTni. and 
developa into a nnmber of closed vessels lined by cells of endodermio origin, Tho secretion 
of these cells is discbarged into the cavity of the vesicle, and certain constitaenta 'are 
apparently absorbed into the blood as an internal secretion. 

It is generally admitted that the greater part of the thyroid is developed from a median 
ontgrowth on the vmtral wall of the pharynx, behind the taber impar of the tongue ; and some 
authorities have also described two lateral outgrowths from the fourtJi branchial pouches, bnt 
it is now generally held that no part of the thyroid gland proper is derived from this source. 

VarlatloB*. — Host of the variations in the thyroid gland are due to a partial persistence 
of the median or glosso-thyroid duct. The most obvious example of this persistence is 
the l«lnu pjramldKll*, which Streckeisen' met with in 104 out ot 163 cases, or nearly 
68 percent. ; while Marshall * found it in only 24 out of 60 cases, or 40 per cent. It is usually 
«o,' Ftre*. Ani. f. port. Anat., IBSfl. 



1 Slreokeisea. ' B«tiiga znr Uorpbologie der 8( 

> Monboa C F.. ' Thyro-gloisal Duot. or Canal ol , _ ._ 

' Variatioiu in tlie Form of the Thyroid Gland in Man,' Joum. A 
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attached below to the iBthntiis on the left side of the medisti plane, but it may join ods or other 
of the lateral lobes, and aboTS it U ooimected with the hyoid bone. Out of the 104 specimeDe 
in vhich the pyramidal process tvas found by Streckeisen to be present. 65 were gl&ndalar 
«p to the hyoid boae ; in 12 the process was connected to that bone by Gbroni tissue, and 
in 2 by muscle. The muaoular fascicoli, which are occasionally fonnd to descend from the 
hyoid bone to the thyroid gland, or its pyramidal process, are known as the kvator 
ffianJute Ihi/roidea (fig. 290). The fibres are most frequently derived from the thyro- 
hyoid muscle, but occasionally they are independent. In one of Marshall's cases there 
were two pyramidal procesees ; while in another a single process divided into two parts, 
one for each lateral lobe. Accessory thyroids may be formed by transverse division of 
the pyramidal process into several separate masses ; more rarely they are found in relation 
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lAca LATEBAL LOBE. (C. F. SENT. (C F. UanbalL) (C. F. ManhaU.) 

Uonhdl.) 

with the lateral lobes. The small glandular masses resembling in structure the thyroid, 
which are frequently found in front of or above the hyoid bone, are derived from the upper 
part of the thyro-glossal duct. 

Aa a rule, the two lateral lobes are approximately equally well developed, but occasiooallj 
they are very unequal in size, and in rare cases one lateral lobe may be entirely absent. The 
isthmus varies greatly in size, and not infrequently it is absent. 

Stmotnre.—The thyroid is invested by a, thin traosparent layer of dense 
areolar tissue, which connects it with the adjacent parts, and imperfectly separates 
its substance into small lobules of irregular form and size. In the interstitial 
connective tissue of the gland there occur a number of cells similar to the 
' plasma-cells ' of Waldeyer (' parenchyma-cells,' Baber). 

VHien the organ is cut into, a yellow glairy fluid (colloid) escapes from the cut 
surface. Embedded in its substance are multitudes of closed vesicles (fig. 395), 
which are held together in groups or imperfect lobules by areolar tissue. The size 
of the vesicles varies from 0'045 mm. to 1 mm., being then visible to the naked 
eye. They are spherical, polyhedral, or flattened in shape. The wall of each vesicle 
consists of a simple layer of cubical or columnar epithelium-cells, which, according 
to Langendorfi, are of two kinds : namely^those which are actually secreting the 
material of the contents of the vesicles (colloid cells) and others (reserve celh) which 
may take the place of the colloid cells that have become detached or mingled 
with the secretion. The amount of colloid material contained within the vesicles 
varies considerably. An excessive accumulation of colloid substance frequently 
occurs, and in goitre the vesicles may become enormously distended. The secretion 
of the thyroid is essential to health, and a condition known as myxcedema or 
cretinism may result from its removal or congenital absence. 
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VeueU, Irmphatlos, and nerreB.— The arterlra of the thyroid gland 

are the superior and inferior thyroids of each aide, to which is §ometimeB added a 
fifth veasael, the tkyrotdea ima. The branches of the thyroid arteries run along 
the borders and over the surfaces of the gland, where they anastomose freely with 
one another. The arteries divide mto comparatively small vessels before thev 
penetrate into the gland substance, where they have a lobular distribution. There 
is a rich capillary network around each vesicle. The veliiB, which are also large, 
ultimately form plexuses on the surface, from which the superior, middie, and inferior 
thyroid veins are formed on each side. The superior and middle thyroid veins 
open into the internal jugular; the inferior veins issue from a plexus formed id 



Flo. 296. — SicTiDN OF HnujtK THveoiD. Highly nuigaiGed. {Uajor.} 
The cloAe relAtioiulup of the caplllaricH to the epithelium of the vesicle ifl well ahova, 

front of the trachea, and open into the innominate veins. The thyroid gland is 
one of the most vascular organs in the body — indeed, it has been estimated by 
Tschuewsky > that it is about five and a half times as vascular as the kidney, and 
that in the dog the entire amount of blood in the body flows through the gland 
sixteen times in a day. 

KjnuptiatlCK. — As the thyroid is a gland without ducts it has been supposed 
that the lymphatic vessels might serve as channels {or the discharge of the colloid 
material in the vesicles, and this substance has undoubtedly been found in the 
neighbouring lymphatic vessels; but an actual communication between the cavity 
of the vesicles and the lymphatics has not been satisfactorily demonstrated. The 
lymphatic vessels form a rich plexus both in the substance of the gland and on its 
superficial and deep surfaces, but there is only a slight connexion in man between 
the vessels of the right and left lobes. The vespels leaving the gland follow in the 
main arteries and end in the pre -laryngeal, pre-tracbeal, para -tracheal, median deep 
cervical, and supreme anterior mediastinal glands (Bartels). 

■ ' Det BlutBtrom in der Schilddriige/ Pfiv^er'i Arch., Bd. icriL, 1B03. 
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The nerre* are derived from the middle and inferior cervical ganglia of the 
sympathetic. They accompany the blood-vessela. According to Anderson, there 
are no ganglioa-ceUs in their course. Their branches extend close to the base of 
the epithelium cells. 

GLANDULE PARATHYROIDE*. 

The small parathyroid glands (fig, 296) are four in number, arranged in pairs, and 
usually situated in close proximity to the lateral lobes of the thyroid gland. One 
pair is placed above and behind the other, so that they may be termed postero- 
superior and antero-inferior respectively.! The poatero- superior parathyroid of 
each side is more constant and more 
readily found than the antero-inferior. 
It lies near the level of the lower 
border of the cricoid cartilage, between 
the muscular wall of the pharynx 
or oesophagus internally, and the 
posterior margin of the lateral lobe " 
of the thyroid gland externally. 
The pre- vertebral fascia is behind 
it, and also sometimes the lateral i^ 
ligament of the thyroid gland. 
The antero-inferior parathyroid is 
more variable in its position and 
more indefinite in its relations. It 

often lies at the side of the trachea, p 

opposite about the third or fourth 
rings aud near the lower border of 
the lateral lobe of the thyroid 
gland, or some little distance below 
it. According to Welsh, the postero- 
superior parathyroid is behind the 
branches of the inferior thyroid 
artery and the antero-inferior in front ; 
but £. Fischer ^ maintains that 
both bodies are normally anterior to 
the artery. 

The parathyroids cannot easily 
be distinguished by the naked eye 

from small accessory thyroid glands, detached portions of thymus tissue, small 
lymphatic nodules, or even lobules of fat. They are invested by a fibrous capsule, 
even when more or less completely embedded in the thyroid gland. 

Form, ooloar, alxe, and walrht. — They a're smooth, flat disks, with a 
more or less distinctly marked oval outline, and sometimes the narrow end tapers 
into a fine stalk. In young subjects they are of a pale rose colour and almost 
transparent, but with age they tend to become yellow or yellowish brown. Their 
size varies considerably, but on an average they are about 6 mm. long, 3 mm. to 
4 mm. broad, and 1'5 mm. to 2 mm. in thickness. They rarely exceed 12 mm. in 
length. In weight, they vary from O'Ol grm. to O'l grm. 

Stmoture. — The parathyroids are composed of epithelium-like cells ar- 
ranged in anastomosing columns, with very vascular connective tissue between 

■ D. A. Wehh. ' Coouming the PuBthyroiil Oluidi,' Jmr. AtuU. and Phy., vol Tiiii. 
' ' Die GUndula paiaUtyreoideu dea Menicben,' Anh. /. Analomit, 1911. 
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the columns. In some cases the cells may surround a central space which contains 
colloid material. The arterial supply is derived from the inferior thyroid artery, 
and between the arteries and the veins there are sinusoids. 

These bodies were first carefully described and named glandulse parath3rToide£ by 
Sandstrom,^ in 1880 ; and in the following year, Baber * recognised them as * undeveloped areas * 
of the thyroid gland ; but they had undoubtedly been previously observed by Remak, Virchow, 
Paget, and others. During the last two decades, numerous papers have appeared dealing n-ith 
their embryology, histological structure, and functions. Like the thyroid gland, they belong 
developmentally to the alimentary canal, being formed by outgrowths from the third and fourth 
pharyngeal pouches, and are therefore included in the group of organs termed branchiogenic. 
Many investigators consider them to be entirely distinct in structure and function from the 
thyroid ; but there is some evidence in favour of the view that they may exhibit a tendency to 
form vesicles containing a colloid material. They are believed to be essential to life, and their 
removal has been followed by severe nervous symptoms known as ' tetany.' Lx most mammals * 
there are two pairs of parathyroids; but in some only one pair, and in others three or 
four pairs. 



THYMUS. 

The thymus forms a glandular mass, the greater part of which is situated in the 
anterior and superior mediastinal spaces of the thorax, while the smaller portion 
extends into the neck. Developmentally, it is a paired organ, consisting of a lobus 
dexter and lobus sinister^ and the upper part usually appears in the neck in the 
form of two distinct and separate processes, one on each side ; but these unite at 
the upper part of the thoracic cavity to form an apparently single organ, which 
is seldom bilaterally symmetrical, or divided by a distinct fissure into two parts, 
as represented by Sappey (fig. 298). On dissection, it can generally be separated 
into two portions, which overlap one another in an irregular manner, while the 
connective-tissue septum between them is very thin. 

Relations. — These vary according to the age of the subject and the size 
of the organ. In a newly born infant, who has not breathed, the thymus forms 
a large and conspicuous structure in the upper and anterior part of the thoracic 
cavity, extending downwards behind the manubrium sterni and the upper part 
of the body of the sternum and the first three or four costal cartilages, and reaching 
on each side to the edge of the uninflated lung (fig. 297). It covers the great vessels 
above the heart, and extends downwards over a large portion of the pericardium. 
On each side it passes backwards, median to the lung, on which it forms a large 
and well-marked impression, as far as the root of the lung. At this period of 
life, the pleursB extend inwards considerably beyond the lungs and cover the greater 
portion of the thymus. The cervical portion extends upwards in front of the 
trachea and behind the stemo-hyoid and sterno-thyroid muscles nearly to the 
thyroid gland. After birth, with the establishment of respiration and the advance 
of the anterior edge of the lungs forwards and inwards, the greater part of the 
thymus becomes covered by these organs. The downward, and especially the 
lateral, extensions are the first portions to atrophy, so that when persistent in the 
adtdt it has a narrower and more elongated form than in the fetus. Of the great 
vessels which it covers, it lies in most intimate relation with the left innominate 
vein, which sometimes appears to be embedded in it. 

Orowtb, InTolutlon, and welgrht. — The thymus is a temporary gland, 

1 * Cm em ny Kortel hos znenniskan ooh atokilhga doggdjur/ LdkareforeiUngs Forhandlingar, Upsala, 1880. 
3 * Researches on the Minute Structure of the Th3rroid Gland/ Phil. Trans.y vol olxxii, 1881. 
3 * The Ck>mparatiye Anatomy, Gross and Minute, of the Thyroid and Parathyroid Glands in Mammals 
and Birds,* Jowr. Anat. an4 Pht/8., vol. xlii., 1908. 
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but it liaa been Bbown hy the researches of Hammar ^ that it perBists, under 
healthy conditions, much longer than waBiormeil}' Bupposed.and that its involution 
is greatly influenced by the general state of nutrition. It appears to undergo 
atrophy in all diseases affecting the general nutrition, so that reliable data as to 
its normal size can only be obtained by the examination of cases in which death 
has occurred suddenly in healthy subjects. In the newly bom infant, its average 
weighti8al>outl2grms.; after birth it contdnnestogiow until puberty, whenit weighs 



Fm. 2»T.— Thb thticdb ol*sd of a nju.-Tmi mva. Naiunl liie. (.1. S. Diokey,) 
Tlw puts of the chMt wall in front of the gluid an 1110*0. Tli. Tli., Ihymiu glaod ; P, peiicudiain. 

about 36 grms. ; subsequently, it t«Qds to undergo a gradual process of involution, 
BO that by the age of twenty-five years its weight is reduced to 26 grms., at sixty 
to less than 16 grms., and at seventy to about 6 gnna. It measures at birth about 
5 cm. to 6 cm. at its broadest part, and its vertical extent is from i cm. to 6 cm. 
Stmotnre. — The lateral lobes of the thymus gland are each invested by 
a thin capsule of areolar tissue, which sends partitions into the gland between the 
lobules : on its outer surface, the capsule is covered by a layer of flattened cells. 
Each lobe consists of numerous polyhedral lobules, connected by a more delicate 
intervening areolar tissue. These primary lobules are made up of a number of 
secondary lobules (fig. 299), one to two millimetres in diameter. Each folhcle 
is composed of a central part or medulla, and an external larger part or cortex. 

•tfoWlebeo dem Meruiben,' Ard. f. 
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The cortex is subdivided by inward prolongations of the connective tissue into 
nodules, and each nodule consists of a flee reticulum, in the meshes of which are 
lymphoid cells. In the medulla, the reticulum is coarser, the lymph -cells are much 
less abundant, and there are scattered nestsof cells which have aconcentric structure, 
and are known as the concentric corpuscles of Kassall. The reticulum and Hassall's 
corpuscles are of endodermic origin, being derived from a downgrowth of the third 
pharyngeal cleft, while the lymphoid cells are probably mesodermic in origin. 



Fio. 298.— The thvuus in i child of sn months. (Sappey.) 
A, siluation, form, and reUtioDB of llie gland. I. right lobe; S, left lobe ; 3, meditn fiuToir i 4. lung. 
BDmcvKnt trorted ; S. iulemal mainniai7 vein; 6, thyroid body; 7. inferior. 8, middle thyroid v«iu; 
B. common carotid art«iy ; 10. iolemal jugular vein ; II. vagus nerve. B, right lobe of the tbymua *ftrr 
removal of ita CD volope ; l.itaapei; 2, its base ; 3, thin out«r border ; i. thick inner border. Cthegland 
unrasfilled, 1 to K. showing the lobolea, 3, grooped around a central cord ; 1, the central eord or sItbimI o! 
connective tiaaue, connecting the Inbulw. 

Sloo4-v«aB«la, IjmiphatloB, and nerro*. — The art«rles of the thymus 
are derived from various sources : namely — from the internal mammary, the inferior 

and superior thyroid, the subclavian, and carotid arteries. Their branches penetrate 
to the follicles, where they form a plexus which surrounds the cortex and fiom 
which capillaries converge towards the medulla. In some animals these vessels 
loop back towards the cortex, but in others they open into an inner vascular circle 
which lies just within the boundary of the medulla. The Telns, for the most part, 
open into the left innominate vein. 

The iTmphatloa are abundant, they accompany the blood-vessels in the 
gland and terminate in several small lymphatic glands lying close to the right 
and left lobes of the thymus. 
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The n«rv«B are very minute. Haller thought that they were partly derived 
from the phieoio nerves; but, according to Cooper, no filaments from these nerves 
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go into the gland, although they reach the investing capsule, as does also a branch 
fri>m the descendena hypoglossi. Small filaments, derived from the vagus and 
si/mpatlietic nerves, descend, oii the thyroid body, to the 
upper part of the thymus. Sympathetic nerves al«o reach 
the gland along its various arteries. 

GLANDULE SUPRAREXALES. 
The aaprarenal fflandk, also frequently termed 

adrenals, are two flattened bodies, each of which sur- 
mounts the corresponding kidney (fig. 300). They are 
both situated in the epigastric region, one on each side 
of the vertebral column. They difi'er from one another 
in shape and also in their relations. The rlBTbt grland 
has a flattened triangular form: one surface called arUerior 
looks forwards and outwards, and the other, the posterior, 
backwards, and inwards ; while the angles are directed 
upwards, downwards, and outwards. The arUerior surface 
has a furrow, called the hilum, which passes horizontally a 
little below the upper border and vertically near the inner 
border. At the luiion of these two parts of the fissure, 
the suprarenal vein emerges from the organ. The area 
above and internal to the fissure is depressed, and forms 
about one-third of the anterior surface. The inner part 
of this area lies behind the uiferior vena cava, and the 
upper part is in direct contact with the liver. The outer 
and larger portion of the anterior surface is covered by 
the peritoneum, which separates it from the liver, except 
a small area near the inferior angle, which sometimes lies 
against the duodenum. The 'posterior surface also has a depression dividing it into 
two parts: one of these, the upper and larger, lies against the diaphragm, and is 
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bounded below by an elevation projecting into the groove between that muscle 
and the kidney ; the lower and smaller area is in contact with the kidney. 

A B 

^s 





Fio. 301. — Antebiob surface op the suprabenal glands, modified from rolleston. 

(J. SymingtxnL) 

A, right gland ; s. e, t , its superior, lateral, and inferior angles ; a, area in direct contact with liver ; 6, 
area behind inferior vena cava ; c, area below and lateral to the hilum, covered by the peritonemn and the 
liver, except near the inferior angle where it comes into contact with the duodenum ; d^ hilum on anterior 
sur&koe ; /, vein. 

B, left gland ; 8, its superior angle ; d^ hilum on anterior surface ; /, vein ; L.B, left renal vein ; L.S, left 
spermatic vein. 

. .The left suprarenal flTland is slightly larger than the right. It does not 
project so much above its corresponding kidney, but is prolonged downwards 
along the upper half of its inner border. Looked at from the front, its outline is 

crescentic, the concavity of the crescent being directed 
downwards and outwards towards the kidney. The 
anterior surface lies in contact with the upper end of the 
renal surface of the spleen and the stomach, near its 
cardiac orifice, while its lower half is crossed bv the 
pancreas and the splenic vessels. It has a groove passing 
downwards and forwards, at the lower end of which the 
suprarenal vein emerges. The jwsterior surface is divided 
into two parts by a prominent vertical ridge: the area 
median to the ridge looking inwards and backwards and 
resting upon the left cms of the diaphragm, and the 
area lateral to the ridge, looking outwards as well as 
backwards, against the kidney. The median area is often 
in contact with the left coeliac ganglion.^ 

The suprarenal glands measure from 30 mm. to 60 mm. 
from above downwards, and about 30 nmi. from side to 
side ; their thickness is from 4 nmi. to 6 nun., the left 
being usually thicker than the right. The weight of each 
in the adult is about 4 grms., the left being slightly the 
heavier. They are nearly as large at birth as in adult 
life. 

Structure. — Besides a covering of areolar tissue, 

mixed frequently with much fat, the suprarenal glands 

have a thin fibrous investment. On the exterior, their colour is yellowish 

or brownish yellow. When cut into (fig. 302), they are seen to consist of 

two substances : one, external or cortical, of a deep yellow colour, firm and 

1 The above description is based largely upon the account of these organs given by H. D. RoHeston 
{Journal of Anatomy and Physiology, voL xxvi., 1892). 




Fig. 302. — Section of the 
suprarenal gland. 
(Allen Thomson.) 

A vertical section of 
the sujnarenal gland of a 
fetus, twice the natural size, 
shoT^ing the lower notch 
by which it rests on the 
summit of the kidney (r) 
and the hilum by which 
the suprarenal vein (v) 
issues, tc^ether with the 
distinction between the 
medullary and cortical 
substance. 
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stnated, aiid forming the principal masH of the organ ; the other, ittUmal or 
trtedvilaty, in the adult of a dark browniah-black hue, and so soft and pulpy 
that some of the older anatomiBta erroneously described a cavity within it, 
these glands thus acquired the name of ' capsules.' 

The flbrooa ooat (figs. 303 and 304, a), which is distinguishable into an outer 
loose! and an inner firmer part, is so intimately connected with the deeper parts 
that it cannot be removed without lacerating 
the subjacent structure. Its deeper layer 
contains plain muscular cells — at least, in 
some animals — and is continuous with the 
septa, which enter into the fonnation of the 
substance of the organ. 

The oortloal part, examined in a section 
with a low magnifying power, is seen to 
consist of a fibrous stroma, in which are 

embedded column-like, intercommunicating ' 

groups of cells, which are described as 
forming three zones (fig. 303, b, c, and d). 
The cortex is derived from the cells lining 
the ccelom on each wde of the root of the 
mesentery, and it is relatively very thick 
during fetal life. These cells have formed 
within them small particles of a fatty nature 
(lipoids), to which the yellow colour of the 
cortex is due. 

The mednllaiT part [fig. 303, 2) is 
marked ofE from the cortical part by a layer 
of loose connective tissue. In the thinner 
parts of the adult organ there is no medullary 
part, and the layer of connective tissue referred 
to is found separating the deep surfaces of two 
opposed portions of the cortical part ; but in 
the young state, the distinction of cortical and. 
medidlary portions probably extends through- 
out the whole gland. The medullary part 
is pervaded by large venous capillaries, which 
receive the whole of the blood which has 
passed through the organ. These venous 
capillaries are supported by the fibrous 
stroma, which also contains — especially in man — a number of bundles of plain 
muscular cells disposed parallel to the course of the larger veins, and forming 
a complete investment to the issuing suprarenal vein (v. Brunn). The general 
arrangement of the stroma is reticular ; in its meshes are enclosed groups of 
cells. These cells stain brown with chromic acid, and are hence known as 
chromapkil cells. The medulla is formed at a later period than the cortex, and 
is derived from the same groups of cells as those forming the sympathetic 
ganglia, although whether they are to be regarded as undeveloped sympathetic 
cells or as cells which merely lie in close apposition with the sympathetic cells, 
without any genetic relation to them, is still disputed, 

Id some of the loner Vertebrata. the two conHtituents — cortex &nd medulla — ate not united 
to farm a pair of Buprarenal glands, but develop as st^parate orgBna ; thus in elaBmobranch 
fisheB, the cortex is represented by an inlcnenal body, and the luedulla b3* a series of pairod 
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bodies closely related t« the Bympathetic. Id the Beptilia, Aves. and Hammalia. definite 
suprarenal glands are found. 

Fe«tillu4tleB aooordlnr to ata. — The suprarenal glands are relatively Urge at birth : 
indeed, they are about the same size as in the adult. They also extend donnnards on th^ 
ventral aspect ot the kidneys, so that they are largely pre-renal in position. The rortpx 
is relatively bettor developed at birth, as compared with the adult, than the medulla. 

VBrl«tlea,— One or both glands may be absent, although this is very rarely the case. 

Accessory suprarenal glands are occasionally mot with, varying in size from a pin's head to that 

of a lai^ pea. The smaller ones have no medullary aubstance, but the large ones possess a 

medulla (RoUeston), The accessory glands 

are generally found near or upon the cai«ule. 

and united to it by connective tissue. 

" Sometimes they are partially embedded in 

the kidney or liver, and they may be found 

near organs which nero originally in the 

I neighbourhood of the suprarenal glands, and 

have moved auay from them in the prooese of 

development. As examples of such organs. 

may be mentioned the genital glands ; thus 

accessory suprarenals have been described in 

the broad ligament of the uterus (Warthin. 

Amerifan Journal of OMetricf, vol xiu, J900). 

and on the spermatic cord (Lockwood, Journ, 

Anal, and Fkye., vol. xzxv., April 1901). 

Chromatin bodies uilhout a cortex ought not 

c to be regarded as true accessory suprarenals 

since the chromatin bodies are primitively 

independent structures and may continue 

to exist as such throughout life. 

Arteries and velni. — The supra- 
renal glands receive arteries from three 
sources: namely, from the aorta, the 
inferior phrenic, and the renid arteries. 
The phrenic branches are always multiple 
(rami suprarenales sujierioren) and may 
be very numerous : thosefrom the aorta 
^ {arleria sriprarenalis media) and renal 
{arteria suprarenalis inferior) are usually 
described as single, but may be repre- 
sented by two or three vessels. The 
inferior artery is the largest; all the 
branches anastomose and divide freely 
, Din-idoft? ^ '" the surrounding fibrous and fatty 

o, capsule; S. loii* Blomerulosa ; c. lona faaci- Capsule.' The Veins, which pasS OUt 

cuiata ; d, lona rectiouiaris. from the ccntie, are usually united into 

one for each organ. The right vein 
enters the inferior vena cava immediately, while the left, after a longer course, 
terminates in the left renal vein. 

The small arteries, entering from the surface, run in the septa parallel to the 
columns, frequently anastomosing together, and surrounding each group of cells 
with a fine capillary network. From these capillaries the blood is continued into 
the medulla, where it is collected into the large venous capillaries or sinusoids and 
then into thin-walled veins, which unite to form one trunk, and this emerges at the 
hilum as the suprarenal vein.* 

I For further particulars regaidiog the airangeinent of these arteries, coniult G. Geraid. ' Contributiocu k 
I'ftude morphologique deg arlirea dea tapBules BuirenaleH de I'homme.' Jour, di rAnal. tt it la Ptigt., 1S13. 
: J. S. Ferguson. 'The Veins of the Adrenal,' An,rr. Joar. Anai,, vol. v., I90S. 
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Kymplifttlcs run in the trabecules of the cortical Bubatauce and are connected 
with cleft-like spaces between the trabecuUe and the cell -columns, and even with 
fine clefts between the cells within the columns (Klein). They communicate 
with efferent-valved lymphatics both in the fibrous coat and in the medulla, 
where they are very numerous, forming an especially close plexus around the 
central vein. 

Hsrres. — The nerves, which are exceedingly numerous, are derived from 
the greater splanchnic, through the cceUac and renal plexuses. They are chiefly 
meduUated, and lose their medullary sheath in small ganglia situat«d on the 
surface or within the organ. 



THE PABAGANGUA OR CHROMAPHIL BODIES. 

Under this designation are included various small bodies which are more or 
lesa closely associated in their development with the ganglia of the sympathetic, 



(ITDATIOS. (ZuckerkiQdl.) 
fflpeolively: u. left ureter ; 
■'.HI, inferior mMBnlerio artery ; » 

and, like the medulla of the suprarenal glands, contain a number of chromaphil 
cells. The glands belonging to this group are the aortic, the carotid, the cardiac, 
and numerous minute chromaphil bodies lying in depressions on the median oi 
dorsal side of the ganglia of the sympathetic trunk. In all probabiLty they 
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all serve as oigans of internal secietioD, and form a substance which produces 
contraction of the non-striped muscnlature. 

The aortic rlanda aie the largest. They fonu a pair of bodies situated in 
front or at the aides of the abdominal aorta in close relation with the pre-vertebral 

sympathetic plexuses, and they may extend from the origin of the superior 
mesenteric or renal arteries to below the bifurcation of the aorta (fig. 305). 
E. Zuckerkandl * gives the average length of the right one in newly bom 
children as 11'6 mm., and that of the left one 8'8 mm. The two main bodies 



Fia. 306.~Skctio.-j of ihi! qlc 

IBTIHY. Somewlut DiigDlfied. (Huobaod.) 
ci, CI, interoBl aad eitemal carotid uteties out acroM ; glc, carotid glaod ; g, bIciad-T«»da ; ■', inl«ntitbl 
' coDiwctiTs tiuue of gland ; I, glandular lobnka or Dodulei. 

may be united by an isthmus. Continuous with this isthmus, or quite isolated, 
are masses of chiomaphil cells, placed on the cceliac or lenal plexus. On the 
caudal side of the aortic glands there are usually four chromaphil bodies, situated 
on the hypogastric plexus. The aortic group of chromaphil bodies tends to 
degenerate after birth. They have been described in children up to eight 
years of age (Pende) ; but, according to Zuckerkandl, cannot be recognised by 
the naked eye in adults, although traces of their pecuhai tissue may be detected 
on microscopic examination. 

SI ood- vessels. — The aortic bodies are supplied by numerous minute 
arteries derived from the abdominal aorta, inferior mesenteric, internal spermatic, 
middle colic, and common iliacs.* 

The rlomns oarotlcnna or carotid viand (fig. 306), ia situated behind the 
bifurcation of the common carotid artery, and lies in close contact with the wall 
of the vessel. Its long axis, which is vertical, measures about 5 mm., its breadth 
is 2'5 mm. to 4 mm., and its thickness 1'5 mm. The gland may be subdivided 
into two or more lobes, and its fibrous capsule is more or less firmly adherent to 
the wall of the carotid artery. Some, at least, of its cells give the cbiomic reaction. 

' ■ Ueber Xebenorgana des Sym[iathicug im RetroperitoQaL-alrBUia d« Memchen.' Va-liatidl. d. awt 
Oadlteh.. Bonn. 1901. 

- Sperlno e Balli. ' La Flrculauone dell' organo paraaympatica della Zuckerfcutdl Deir noma,' Mtm. Pi. 
Aaad. Sc. LetL td. Arli Modtmi, kt. 3, tdL viii., 1909. 
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It is very vascular, natnerous minute arteries passing to it from the carotids, and 
between these vessels and the veins, there is a sinusoid arrangement of capillaries. 
Various theories have been advanced with regard to its ori|^n ; but whether it is 
developed directlj- or indirectly from the epithelium of one of the branchial clefts, 
or in association with the sympathetic ganglia, is not known. 

The cardlao ffland. — Wiesel and Weissner^ found a cylindrical mass 
embedded in the fatty tissue investing the trunk of the left coronary artery where 
this vessel was overlapped by the left auricular appendix. It was about IB mm. 



Fia. 307.— SicnoN or AN iRHBODLiilHODCLtortJiB ooccYQSALOLifD. Magnified 8S diaineten. (Sertoli) 
The sectioD ahowa tbe Sbroai ooTering of the Dodule, the blood-Teasels withio it, and tike polfhedisl oella 
ot which it is cointituted. 

long and 3 mm. broad, and contained chromaphil cells. Small scattered collections 
of similar cells have alao been described as situated under the pericardium. 

The fflomua aocorg'fliiiii {glandula coccyges, Luschka) is a small organ 
at most 2'5 mm. in diameter, sometimes broken up into from three to six smaller 
corpuscles, placed immediately in front of the apex of the coccyx and connected 
with some of the terminal branches of the middle sacral arteiy. J. W. Thomson 
Walker* showed by a reconstruction of a series ot sections that it consisted of 
a main mass and a considerable number of minute accessory bodies. 

Structure. — It is composed of masses of epithelial cells embedded in a 
fibrous stroma. These cells have been described as chromaphil ; but this is denied 
by several recent investigators. The glomus is very vascular, and the arteries 
terminate in sinusoids. 

1 Quoted by Lucie 



PERITONEUM. 

P. T, CRYMBLE. 

The abdominal viscera having been described, as well as the disposition of the 
peritoneum in relation to each of tjjem, it remains to give an account of that 
membrane in its whole extent, to trace its continuity over the various parts 
which it lines or covers, and to describe the cavity it encloses. 

The peritoneum lines the whole of the anterior abdominal wall, except along a 
narrow line extending from the umbilicus upwards to the diaphragm, and corre- 
sponding to the interval between the two layers of the falciform ligament of the 
liver. This peritoneal fold is usually attached to the abdominal wall, slightly to 
the right of the median plane. For a short distance above the pubes, the peritoneum 
is loosely connected with the abdominal wall, so that when the bladder becomes 
distended with urine the serous membrane is detached from the lower part of the 
abdominal wall. This, however, can only occur to a limited extent, since the 
peritoneum as it passes upwards towards the umbilicus becomes gradually more 
firmly adherent to the abdominal wall In cases of great distension of the bladder, 
an area above the pubic symphysis, 3 cm. in vertical extent, may be uncovered by 
peritoneum. 

Between the anterior wall of the pelvis and the umbilicus, the peritoneum is 
raised into five vertical folds, wdth intervening depressions, by certain structures 
which converge towards the umbilicus. These folds are a median one (plica um- 
bilicalis media), caused by the urachus, and two lateral, on each side, formed by 
the ligamentum umbilicale laterale (plica umbilicalis lateralis), and the inferior 
epigastric artery (plica epigastrica) (see fig. 308). 

By means of these folds, three fosssB are mapped out on each side of the middle 
line above the inguinal ligament : they are termed the supravesical, the median, 
and the lateral inguinal fossae. 

After lining the anterior wall of the abdomen, the peritoneum passes round on 
each side of the lumbar and iliac regions, where it meets with the right and left 
portions of the large intestine. On the right side, it completely invests the caecum 
and its vermiform appendix, and it also provides the latter with a mesentery. 
Higher up, it covers the ascending colon in front and on the outer side, the 
remaining part of the circumference of the bowel being usually imcovered. 

Leaping the right colon, the peritoneum gives a scanty covering to the lower 
part of the anterior surface of the right kidney and adjoining ^r5 duodeni descends n$ 
where that intestine comes down from behind the transverse mesocolon ; lower 
down, it continues over muscles and vessels to the root of the mesentery, proceeds 
forwards to form the right layer of that fold, passes roimd the jejunum and ileum, 
affording them their peritoneal coat, and returns back to fhe posterior abdominal 
wall, thus completing the mesentery on the left side. The membrane now passes in 
front of the lower portion of the left kidney to the descending colon, which it invests 
much in the same manner as the ascending, and is then continued over the lateral 
wall on the left side to the front again, thus completing a horizontal circuit round 

(334) 
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the abdomen. Although the descending colon is usually uncovered behind and 
on its inner side, yet occasionally it is entirely invested by peritoneum and provided 
with a meso-colon. The frequency, however, with which a descending meso-colon 
occurs has been much exaggerated. 

The iliac colon is, as a rule, devoid of a mesentery ; but, occasionally, the lower 
third possesses a mesentery in common with the pelvic colon. The pelvic. meso- 



colon is attached along the left pelvic brim from a point 3 cm. to 5 cm, above the 
inguinal Ugament to the bifurcation of the left common iliac artery ; whence the 
line of attachment extends downwards and inwards to the second or third sacral 
vertebra, where the peritoneum passes on to the rectum, covering this portion of the 
intestine — at first in front and at the side, then in front only — from which surface 
it is reflected on to the bladder in the male, forming here the Tecto-vesical pouch. 

When the bladder is contracted, this pouch is partially subdivided into 
anterior and posterior portions by a coronally placed peritoneal fold which 
encloses laterally the ductus deferentes, and has been described as the sacro-genital 
foldi {fig. 231). 

Prom the apex of the bladder, the peritoneum passes on to the lU'achus, as 
already described. In the female, the peritoneum passes from the rectum to the 
upper part of the vagina, and over the posterior surface, the fundus, and the upper 
part of the anterior surface of the uterus, whence it goes to the bladder. The 

< A. F. Dixon, ' Tbe Form of the Empty Bladder,' Ac., Jour. Anal, ani Phgi., toL ^xiit.. Juiiuiji 1900. 
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uterine peritoneum extends laterally to form the broad ligaments of the uterus, 
along the upper border of which the uterine tubes receive from it a serous 
covering; at their fimbriated openings, the peritoneum is continuous with the 
mucous membrane lining the tubes. 

The uterus and its broad ligaments subdivide the female pelvic cavity into an 
anterior or vesico-uterine excavation and a posterior or recto-uterine excavation. 
Two semilimar folds of peritoneum, covering the anterior portions of the utero- 
sacral ligaments may divide this latter space into a median and two lateral portions. 

The peritoneum, on being traced upwards on the anterior wall, is found to 
line the vault of the diaphragm, adhering moderately to the muscular and firmly to 
the tendinous part, and continuing down behind as far as the posterior surface of 
the liver. It then passes forwards on to the liver, forming the falciform, coronary, 
and triangular ligaments of that organ, already specially described. 

After crossing the upper and anterior surfaces of the liver, it turns backwards 
on the under surface ; but, after covering the quadrate lobe, and arriving at the 
porta hepatis, it meets with a peritoneal layer from behind, and in association 
with it, stretches from the liver to the stomach, to form the lesser omentum, as will 
be presently explained. To the right of this part, it invests the gall-bladder, more or 
less coftipletely, and the under-surf ace of the right lobe of the liver, covers anteriorly 
the adjacent part of the duodenum, and passes to the upper end of the right kidney, 
forming here a slight fold, named hepato-renal ligament. It descends in front of 
the hepatic flexure of the colon and reaches the right colon, on which it has been 
already traced. To the left of the fossa of the umbilical vein, the peritoneum 
invests the whole of the left lobe of the liver, and stretches out as the long, left 
triangular ligament, anterior and lateral to the oesophageal opening. It then passes 
down over that openingand covers the front and left side ol the gullet, spreads over the 
left end of the stomach, where it passes off to invest the spleen, forming a duplicature, 
named the gastro-splenic ligament. When the membrane passes from the diaphragm 
to the stomach it forms a small duplicature to the left of the oesophagus, named the 
gastro-phrenic ligament ; it extends also as a generally stout and well-marked 
fold (the costO' or phreno-colio ligament) from the diaphragm opposite the tenth and 
eleventh ribs to the splenic flexure of the colon, then passes over the splenic flexure, 
andreaches the left kidney and descending colon, where it has been already described. 

Omenta. — The arrangement of the remaining part of the peritoneum — ^that 
between the stomach, liver, and transverse colon — is somewhat complex, in conse- 
quence of the membrane forming in this situation a second and smaller sac, which 
commimicates towards the right with the general cavity by a narrow throat, named 
the foramen epiploicum [Winslom], This passage, which admits one or two fingers, 
is situated behind the bundle of hepatic vessels, which stretches between the liver 
and the duodenum ; behind the orifice is the inferior vena cava ; above, is the caudate 
process of the liver ; and its lower boundary is formed by the duodenum and a curve 
of the hepatic artery. From this opening the lesser sac spreads out to the left, behind 
the general or main sac of the peritoneum. It covers a part of the posterior abdominal 
wall ; but in front and below it is applied to the back of the main sac, to which it 
adheres except where the stomach and first part of duodenum are interposed. More- 
over, it indents, as it were, the back of the main sac, and between the stomach and 
colon protudes into it in the form of a great pouch — ^tha bag of the omentum — which 
thus has a double coat, formed by the apposition of the membranes of both sacs. To 
trace this arrangement more particularly : suppose a finger pushed into the foramen 
of Winslow, and the thumb brought to meet it from before, to the left of the hepatic 
vessels ; the membrane held between is double ; its anterior layer (from the greater 
sac) turns round the hepatic vessels into the foramen, and then belongs to the lesser 
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sac. The double membrane, so constituted, is the smaU omentum. From the point 
indicated, it may be followed to the porta hepatis of the liver, where its laminae 
separate ; the anterior, which has alre«uiy been traced from above, spreading on the 
adjacent part of the liver ; the posterior covering the caudate lobe, where it will be 
again met with. The attachment of the combined layers continues backwards from 
the left end of the porta hepatis along the fossa of the ductus venosus to the dia- 
phragm on which it runs a short way to reach the oesophagus, where the anterior 
lamina covers the end of that tube in front and on the left, and the posterior lamina 
invests it on the right and behind. From this point, as far as the pylorus, the 
small omentum is attached to the lesser curvature of the stomach, where its laminae 
separate — one covering the anterior and the other the posterior surface of the organ ; 
but, meeting again at the great curvature, they pass down in conjunction to a 
variable distance in front of the small intestine to form the anterior wall of the 
bursa omenti majoris, and then turn up to form its posterior wall. Meeting next 
with the transverse colon, the two laminae separate, and enclose that intestine, 
but meet again behind it to form the transverse meso-colon. This extends back 
to the anterior border of the pancreas, from which its inferior layer passes back- 
wards over the inferior surface of this organ, and then turns downwards over the 
posterior wall of the abdomen, and forms the mesentery, where it has been 
already recognised. The superior layer, on the other hand — ^which, as will be 
understood, belongs to the lesser sac — covers the front of the pancreas, the coeliac 
artery and its main divisions, the upper part of the left kidney, and the portion 
of the diaphragm between the aortic and caval orifices, and may extend to the 
left end of the pancreas and gastric surface of the spleen, partially investing 
the latter organ and forming part of the gastro-splenic ligament. It then goes 
forward on the caudate lobe to the porta hepatis and the line of attachment 
of the lesser omentum, of which it then becomes the posterior layer. More to 
the right, the layer in question passes over the vena cava, and continues into the 
general peritoneum beyond the foramen of Winslow. 

From the description given, it will be understood that, as the walls of the bursa 
omenti majoris consist of two peritoneal layers, the whole thickness of the great 
omentum will comprise four layers ; but although the cavity may be inflated in 
its whole extent in the infantile body, its walls afterwards cohere, and it becomes 
impervious in its lower part. Fat, moreover, accumulates between its laminae ; 
long slender branches also pass down into it from the gastro-epiploic vessels. 

The part of the membrane just described, which is attached to the great curvature 
of the stomach and transverse colon, and which is continuous with the gastro- 
splenic ligament, is usually named the great omentum. The great omentum usually 
reaches lower down at its left border, and it is said that omental inguinal herniae 
are more common on the left side. 

The description now given of the relation of the omentum to the meso-colon 
agrees with the appearances most frequently seen in the adult subject, the exterior 
(here also posterior) layer of the great omentum being described as separating from 
the layer within, belonging to the bursa omenti majoris, when it reaches the transverse 
colon so as to pass behind or below that viscus, and as proceeding thence backwards 
to the abdominal wall as the posterior or lower layer of the transverse meso-colon. In 
the young fetus, however, two layers of peritoneum pass from the greater curvature 
of the stomach, upwards and backwards, to the posterior abdominal wall, forming 
the dorsal meso-gastrium ; and the transverse colon possesses an independent meso- 
colon. Subsequently, the posterior layer of the meso-gastrium fuses with the 
anterior layer of the transverse meso-colon. Occasionally, in the child, and even in 
the adult, these layers remain distinct. 

VOL. II. PABT II. Z 
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CAVUM PERITONEI. 
Tte ffreat lao possesaeB euch an extensive and complicated cavity that it 
is necessary in a description to subdivide it, and certain features of its ^ape and 
relations have been utilised for this purpose. Thus the transreise taeao-colon 
forms a fairly efficient barrier between the sub-phrenic region and the ilio-lumbar 
region, and the ilio-lumbar region is divided into a right and a left portion by the 
attachment of the mesentery. The brim of the true pelvis, althou^ not forming 
a barrier, is a definite threshold between the ilio-lumbai and a pelvic region. 

THE SUB-PHBENIC BEGION. 

The inb-plirealo region is bounded above by the diaphragm, and is limited 
inferiorly by the transverse meso-colon, the phrenico-colic ligament, and the 
flufltentaculum hepatis, when present. It is related to the liver, the spleen, the 

"— ItMt 

8*tt »M 



Aorta. 






iMnBMM ■~sp«< 4ZRnancic. 

Fro. 30S.— HoBiEOHTtL sktIoh or * mah, adid mri teau. (P. T. Cfymble.) 

The gutrio and ■uparloc nceuea of the leaser uc aoil the lub-phrBoio ngion of the great mu are aipoed. 

upper poles of the two kidneys, the suprarenal glands, the stomach, the pancreas, 
and the first few inches of the duodenum. 

H. Barnard (' British Medical Journal,' February 15, 1908) divides the sub- 
phrenic region into six spaces : — 



A. Intraperitoneal : 

a. Sight 



B. Extraperitoneal: 



1. Anterior. 

.2. Posterior. 

'3. Anterior. 

,4. Posterior. 



5. Right. 

6. Left. 

The four intraperitoneal spaces are formed by the cruciform arrangement 
of the ligaments of the liver — namely, the coronary, the falciform, and the right 
and left triangular ligaments. 
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The right extraperitoneal Bpace is between the layers of the coronary ligament, 
and the left extraperitoneal space is tound the upper pole of the left kidney. 



FiQ. 3I(X— H0E120BIAL aiCTlON or A MiK, lOHi FiFrr ruu. {P. T. Crymblo.) 
Illiiit«l«a tbs gutcia raceea of tbe Immc tan sod the ■ub-phnnla ngioa of the gntt ho. 

The left posterior intraperitoneal space corresponds to the upper portion ot the 
lesser sac, and will be described later. 



Fid. 311,— HoHOONiij, sbctiob ot a tus, inKO fbty veabb. [P. T. Oymble.) 
nloitnte* One gutrio iec«eB of the letter tui, the gab.phreaio region, uid the higbeat put of the \ett ilio- 
lumbar ngion of Om gtetX uc. The premaiw of a coito-gaitris liguneut and the TeUtion of the puKrets to 
the elaventh left rib ue aomewbat abDormeL 

The remaining three spaces, i.e. the right anterior and posterior intraperitoneal 
and the left anterior intraperitoneal, will be now fully described. 
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Tlie lifftat aaterlor Intraporltoneal spaca intervenes betveen tlie 
light lobe of the liver and the diaphrBgm : medially, it is limited bj the falcifonn 
hgament ; posterioilj, by the superior layer of the coronary and by the right tri- 
angulsi ligament ; andiiiferioriy,by the sharp inferior margin of the livei. Afonnd 
the free edge of the right triangular ligament, and around the inferior margin of the 
liver, it communicates with the right posterior intraperitoneal space ; but when the 
peritoneum of this region is inflamed, adhesions between the liver and the diaphragm. 



DrnuFEiinoiiKAi, s»cxs. (P. T. Cr)'mble.) 
is Men wparaliDg the right pcnterior intnperitODBil or sub-hepatia apux froai 
tlie right ilichliiiiibiir region. The viioera in relatioa to the Bab-hepatic space are tbe lirer, Uw right Udnej. 
the giU-bUdder. the pan desceodsns duodeai, and Che trstuveraa colon. 

or between the hver and the transverse colon, may obliterate this communication. 
The relations of this space are illustrated in the horizontal sections (figs, 309, 310, 
311), and in the s^ttal section (fig. 312). 

The rlirht postarior Intraperitoneal space, or sub-hepatic space, lies 
between the inferior siu'face of the liver and the right kidney, and contains 
the gaU-bladder and first few inches of the duodenum. Superiorly, it is limited 
by the right triangular ligament and by the posterior layer of the coronary ligament ; 
inferioily, it extends to the hepatic flexure and the transverse colon ; laterally, it 
communicates freely with the right anterior intraperitoneal space, and, medially, 
it communicates with the lesser sac through the foramen of Winslow. Anterior to 



SUB.PHBENIC REGION 341 

ttis fotamen, it passes freely inlo the space between the lesser omentum and the 
left lobe of the liver. These relations are illustrated in figs. 312 and 320, 

The left anterior Intraperitoneal space contains the left lobe of the 
liver, the anterior surface and fundus of the stomach, and the spleen. It is a 
very irregular space, limited medially by the falciform ligament ; postero-inferiorly, 
by the lieno-renal ligament ; inf ero-laterally, by the splenic flexnie and the phtenico- 
colio ligament; whilst, anfero-inferiorly, it communicates with the snb-hepatic 



(P. T. Ciymble.) 
c, or the left pceterior intn-peritoiKkl ipkCe, and Uie left anterior intn- 
apper put of the left iHo-lumbU' ngion. ooatkining (mall iulMtine, 

Space around the inferior margin of the liver, and passes freely in front of the 
transverse colon into the left iliolumbar region. The relations and shape of this 
space will be most easily studied by reference to the sagittal section (fig. 313), and 
to the horizontal sections in (figs. 309, 310, and 311). 

THE ILIO-LUMBAR REOION. 

The lllo-lnmbar resion ofthe great sac is limited above by the attachment 
of the transverse meso-colon to the duodenum and pancreas. Lateral to the hepatic 
flexure of the colon, there is a free communication with the sub-phrenic region, except 
in the presence of a sustentaculum bepatis; and lateral to the splenic flexure, the 
phrenico-colic ligament forms, according to its development, a more or less efficient 
barrier between it and the left anterior intraperitoneal space. Inferiorly, across 
the inner margins of the psoas muscles and the sacral promontory, there is free 
conmmnication with the pelvic cavity ; but the pelvic meso-colon on the left 
and the mesentery on the right form incomplete septa between the two. 



PERITONEUM 



Tia. 3U.— HOBBOBTAI. K 



Flo. 3IS.— HoKUOirtAL sionoH o: 
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The mesenteiy of Uie small intestine divides the space iuto a right and 
left portion 

The rtfflit lllo-lnmbar reslon is limited medially hj the attachment 
of the mesentery, superiorly by the transverse meso-colon, and iuferitaly hy the 
inner margin of the psoas. Viewed from the front, it is somewhat triangular in 
shape, the three sides of the triangle being formed by (a) the lateral abdominal 
wall and iliac crest, {b) the transverse meso-colon, and (c) the mesentery attachment 
and the inner margin of the psoas. Its contents are the ctecum and vetmiform 
appendix, the ascending colon, the first few inches of the transverse colon, the 
lower portion of the pars descendens daodeni, a portion of the head of the pancreas, 
and, at times, some inches of small intestine. The relation of small intestine to this 
region is very variable, and depends upon several factors. In the fetns, owing to 
the small size of the pelvic cavity, a considerable length of smaU intestine occupies 



mo-LmCHAB Kigioa of na obzat uo. (P. T. CrTmble.) 
rel tlie Bontentiof ths rsglon «n oolli ot jsjoDDin, and Altering into ita wiUa are tha pu* uocndgai 
low pole of the left kJdney, and the ■plenie fleinra of ths colon. ADiarlcrly, it 1> boonded tay 

this region. Distension of pelvic viscera or fixation of the transverse colon in the 
left ilio-lumbar region, forces the jejunum from its normal position into the right 
ilio-lumbai space. On the other hand, the usual distended condition of the ciecum, 
ascending colon, and first third of the transverse colon, accomits for either the 
normal absence of small intestine or the presence of only a few inches in this 
region. 

In the horizontal section (fig. 314], the most superior part of this space is seen, 
and is occupied by a portion of transverse colon, a few inches of jejunum, and the 
horizontal portion of the duodenum. 

In the horizontal section (fig. 315), its contents are the ascending colon and loops 
of small intestine ; and in the section (fig. 316) through the lower part of the space, 
the cfficum and terminal portion of the ileum are displayed. 

The I«ft illo-lumbar replon extends to a, higher level than the right 
ilio-lumbar re^on. Thus it is present in the horizontal sections through the 
second and upper part of the third lumbar vertebrte (see figs. 311, 317), whereas the 



344 PERITONEUM 

right space ia entirely inferior to this level. Owing to the obliquity of the mesenteric 
attachment, this left space widens out infetiorly, and is therefore more exten^ve 
than the right space. Superiorly, it sunounds the duodeno-jejuna) flexure, and 
is hmited by the transverse meso-colon. Inferiorly, it communicates with the 
pelvic cavity across the pelvic brim; but the attachment of the pelvic mesocolon 
to the psoas margin partially separates the two spaces. Medially, it is limited 
by the mesenteric attachment, and laterally by the abdominal wall. Its contents 
are : the distal portion of the transverse colon, the descending and iliac colons, 
and the main mass of the small intestine. The body of the pancreas and 
the lower pole of the left kidney project into its upper part (see fig. 313). 



THE PELVIC BEOION. 

This portion of the great sac differs accordingto the sex, audits contents vary 
according to the condition of the pelvic viscera. Thus with an empty rectum. 



FU. 31S. — HOBIZOHTU. BBCnOB or A MAS. AGED FUTT YEABS, TKBOUOQ TBI LOWEST PIBI Or TBE 
OBEAT SiC. (P, T. QjmblB.} 

Tfas gnat •*<] (peritoneal cavity) la to be leen lying between the left Moinal veaicle and the nctqm. 

bladder, and uterus, a considerable length of small intestine is present, but distension 
of one or more of these viscera may prevent the entrance of the jejuno-ileum. 

In the male, the great sac descends between the rectum and bladder, as the 
recto-vesical pouch, to the upper ends of the seminal vesicles (see fig. 318). From 
this point, upwards, the rectum is in relation to the peritoneum ; inferiorly the anterior 
surface, and superiorly the anterior and lateral surfaces, beii^ covered. At the 
second or third sacral vertebra is situated the junction of the rectum and the 
pelvic colon. A line drawn from this point to the lower end of the lett common 
iliac artery, and thence along the inner border of the psoas to a point half-way 
to the inguinal hgament, correflponds to the attachment of the pelvic meso-colon. 

Owingto this arrangement of the meso-colon, the ileum tends to occupy the right 
side of the pelvic space. The pelvic colon may lie entirely within this apace, or 
may form a U-shapcd loop and occupy the ilio-lumbar region (see fig. 348). 

In the female, the uterus and the broad Ugaments form a coronally placed 
septum across the pelvic cavity, dividing this portion of the great sac into an anterior 
or utero-vesical pouch and a posterior or utero-rectal pouch (pouch of Douj^ias). 
Either of these pouches may contain small intestine, and, in addition, the utero- 
rectal pouch contains the ovaries and the lateral ends of the uterine tubes. 
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Id the m&le, the recto-vesical pouch is, in many cases, partially subdivided by 
a coioaally placed fold of peritoneum, which is attached laterally to the ductus 
deferentes, and may be called a genital fold since it corresponds to the broad 
ligament in the female. It disappears with distension of the bladder. 

THE LESSER SAC (bDBSA OUENTAUS). 

The IsBser s«o of pvrttoneoiB is a diverticulum of the main peritoneal 
cavity, which lies behind the lesser omentum and the stomach, and passes for a 



Flo. 31EI. — M>DUir SADITTIL SICnON XirOSOia the LUT AMTIBIOB IKtairlBlTOSEAL SMCI A3D TBI 
8UFIHIOB SIOIW or THI toawK SAC. (P. T. ClTmllk.) 

variable distance into the great omentum. Its junction with the great sac is 
called the foramen oplploloum or foramsn of Vlnalow, and is situated 
below the caudate process of the liver, above the pars superior duodeni, and in front 
of the inferior vena cava. The presence of a retro-gastric peritoneal cavity allows 
the stomach to undergo changes in size and position, and free movement between 
the lobus caudatus [Spigelii] of the liver and the posterior abdominal wall 
is facilitated by the extension of the cavity upwards behind the liver (recessus 
superior). The lesser sac, hour-glass in shape, consists of a superior chamber 
lying posterior to the gastro-hepatic omentum, and an inferior or retro-gastric 
chamber. 

The snporior oIiamb«r, or bnrsa omsiiU mlnorls, communicates with 
tiie great sac through the foramen of Winslow, and with the inferior chamber 
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by an opening, vaii&ble in size — the foramen butsn omenti majoris. It will be 
described as consiBting of three parts : — 

1. The vestibule. 

2. The Buperioi lecess. 

3. The middle recess (leceasus medius). 

The ▼•Btlbnle is a narrow passage which passes to the left from the foramen 
of Winslow, inferior to the processus caudatus of the Uvei, and Buperioi to the 
pais superior duodeni and the head of the pancreas. It is bounded in front by 
that portion of the small omentum which contaiiu the hepatic artery, the common 



Fja. 320. — MiDUH uoinu. ssonon thbodox t» lut asie 

StmBIDB BtCKSB Ot TBI LNUB uo. {P. T. Crymble.) 

u thui th»t i^niftlly dMOribed: the idioms lying oppodte ths didi between 

bile-duct, and the portal vein ; and these vessels are further related to its floor as 
they pass forwards over the head of the pancreas to enter the two layers of the 



The •nperlor reoeas is the (Urect contlnoation upwards of the vestibule. 
On horizontal section (flg. 309), it shows a ciesce at -shaped lumen, the concavity 
of which is directed to the right, and is produced by the lobus caudatus [Spigelii] 
of the liver. Anteriorly, and to the left, the space is limited by the small omentum. 
Fosterioriy, it is related to the oesophagus aud diaphragm; the aorta, separated 
by the diaphragm, also forming a close relation with it. Hedian sagittal sections 
through the superior recess are iUostrated in figs. 319 and 320. The vertical 
extent and the stiuctuies forming the anterior and posterior walls are well seen. 



LESSER SAC 



347 



The reoeMos medias varies in size directly with the extent of pancreas in 
contact with the small omentum. It is a portion of the bursa omenti minoris, which 
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Fia. 321. — DiBSKonov to szrosi thb bbobssus mxoius of thb lbsser sag. (P. T. Oymbla) 

The anterior snrfaoe of the stomftch and a portion of the right lobe of the lirer are illoBtratecL The 
Btippled region repreiente the out surface of the Uret, The portion of lesser omentum farming the anterior 
wiJl of the recess has been remored to expose the posterior wall formed by the portion of pancreas nnoorered 
by stomach. The recess is Teiy large in this specimen and has no commnnioation with the bnrsa omenti 
majc 
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Fio. 322. — Illvstbatiov of a DissEonoir of thx postebiob wall of ths lesser sac. 

(P. T. Crymble.) 

The stippled area represents the surface uncoyered by peritoneum and the serous surface of the 
pancreas is marked by polygonal areas. There is a large recessus medius and a small foramen (F. Bomaj) 
connecting it with the bursa omenti majoris. The bursa omenti majoris is partially subdivided into an 
upper and a lower part by a horizontal gastro-pancreatic fold (p. oaboiaoa) attached to the posterior surface 
of the cardiac portion of the stomach. 
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IB bounded posteriorly by the pancreas and anteriorly by the lesser omentum. 
Superiorly, it communicates across the hepatic artery vith the superior recess and 
the vestibule, whilst laterally and inferiorly it is enclosed — except at the foramen 



n. t. sHtioa ■omowl 



Fm. 323, •^A axBiiB 

two-hobihb' rmrvt. (P. T. Qjmble.) 
receu and the upper put of the buna omenti majoru (Boiuj), whioh appean u 
jvering the pCHt«rior surCaee of tlie Btom&cb- The donaL meaogaBtnum tepontv 
tbe buru omeati m»jaru. 
L&t lower dovn, e 
HiB. It h 

undAts lobe ii lying mtbereoeesus madiiu. There iaaf 
liui and the buru omeiiti msjoria (BouAJ). The vestibnle of the bum omeali 
mlnoril ia ia thii KCtioD quite sepanle from the roceeius mediua. Superiorly, it ia contiDuoui with the aupeiioc 
reoeaa. Bud oammuakBtea with the reoesaus modiiu. Inferiorly, it leuli to the fonuuen epiploimim. 

IV. The moat ioferioc portioa of the recenaus mediuB it eip««d. The paocreu fomia thia portioD of ili 
poaterioc tsIL 

burssB omenti majoris — by gastro-pancreatic folds. Its relations and shape may 
be more easily understood by referring to figs. 321 and 322, where dissections of two 
large reces^ medii are illustrated. In fig. 321, the portion of lesser omentum 
bounding the recess anteriorly has been removed. The pancreas, the hepatic, left 



Fio. 324.— A DQBicnoN Biroscia a com^lbtb sbptum BuRaiRDM. (P. T. Crymble.) 

^la l«>er DmBatum haa been divided to display the recessus mediuS) the luperior reccM, uid the lobui 
DondAtufl [Spigelii}. Lying behiad tbe reHanoB medjua in a Urge Bapr&-panoi«atJc Ijmph-glAUd. The raceaiu 
medjiu eiteodfl upwuda and to the right ia front of the hepatio Teeeele acid commoa bH^duot An juHhedoa 
between the paat«rior Burfaoe of the stomach and the panareaa and dLaphn^m aompletely wparatea tbe bona 
omeati minorii and the buna omenti majorii. Tbe etomaoh has be«i div^ed, and tbe oatdko pocticia tamed 



?ia, 326.— DlSSKTTION OF Ll 

Hie left lobe and lower part of the right lob 
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gastric and splenic ftrteriea form its posterior wail, and gastro-pancreatic folds 
completely enclose it laterally and inferioriy. Saperioily, it commumc&tes freely 
across the threshold of the hepatic and left gastric arteries with the superior recess 
and vestibule. There is no foramen communicating with the bursa omenti majoiis. 
Fig. 322 shows another large recessus medius, with a small foramen coonecting it 
with the bursa omenti majoris. The hepatic artery is seen forming the boundary- 



iC, sicoHD ruoi. (P. T. &rmb)CL) 

Lta T^cnu pftrta of tbo boiBa omeati minorU, 

line between the recessus medius and the superior recese. In the fetus, the recessns 
medius is occupied by the processus papillaris of the caudate lobe (fig. 323, m,). 

In some coses, tUs recess is continued upwards and to the right, in front of the 
hepatic artery, common bile-duct, and pratal vein, so as to divide the extreme right 
portion of the small omentum or the hepatoniuodenal hgament into four layers 
{fig. 32i). 

The foramen bursB omeatl aiAjoiis is the communication between 
the bursa omenti minoris and the bursa omenti majoris. It corresponds to the 
narrow portion o£ the hoiu-glass, aud ia sometimes referred to as the isthmus of the 
lesser sac. It varies in size from a minute aperture to an opening admitting five 
fingers, and rarely, in the presence of a complete septum bursarum, it is absent 
(figs. 321 and 324). 

Hia {Arch. f. Anat., Erganzungsband, 1895) defines the position d( tha fonunen by the 
hepatio ftnd left gaitrio arteries : but the folloiring objeotions to this deusription osiBt : — 

1. Wbea a marked coDatriolion of the lesser sao is prasent, it is never in the position of tha 
hepatic and left gastrio arteries, but always in the plane of the gastro-pancreatio ligament! 
(ag. 322). 

2. Whan a complete septum bursarum exiata, the septum has ao relation to tha hepatic 
after; (figs. 321 and 324). 
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3. Sinoe the noesaus medius lies interior (o the hepatic arterj, the deSnition of Hia woald 
relegate the ceoeas to the buraa omeuti majoriB, whereas it is in direct relation with the leaser 
omentum and should therefore be included in the bursa omenti minoris. 

The foramen oi isthmus will here be described as being bounded by the lesser 
curvature of the stomach, the pancreas, and the gastro-pancreatic ligaments ; or, 
in those cases where the superior limiting fold springB from the diaphragm, by a 
gastro-phrenic ligament. 

Reference tfl figs. 322, 326, 327, 328, 329, will make its relationa and position 
clear. Fi^. 326 to 329 illustrate a foramen which only admitted a pencil. It is 
bounded supeiioily by a gastro-phienic ligament, containing in its free border the 



Fu. 327.— DoauiTioH or thk Lsaau aic, tkibd staoe, (P. T. djinble.] 

The renulolDg pottioa of the liver has been nmoied, eipoaiog the poBlerior vsU of the laperior re<wB 
and the poitaiioc nUtion* of the bora area of the liver — t.i. the diaphngm, the tafarior TSaa oava, 
the right aaprarenal gland, and the upper pole of the right kidney. 

left gastric artery, and it is limited inferioily by a gastro-pancreatic fold. In this 
subject the recessoa medius was small 

Fig. 322 shows a narrow foramen leading from a large receasus medius into the 
bursa omenti majoris. Ite limiting folds are the same as in the previous case. 
Figs. 321 and 324 show absence of the foramen, a complete septum buisarum being 
present. In some cases, the foramen is divided into two apertures by a gastro- 
pancreatic fold. 

The foramen develops as a result of the free movement of the lesser curvature 
in its immetUate neighbourhood. The vertical or cardiac portion of the lesser 
curvature chiefly experiancea lateral movement, and is therefore attached by 
a hinge-like vertical fold to the diaphragm or diaphragm and pancreas. 
The horizontal or pyloric portion of the lesser curvature chiefly experiences 
vertical movement, and is therefore attached by a horizontal fold to the pancreas. 
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The portion of lesser curvature boundiog the foramen shares in both the 
lateral and vertical movements, and is therefore unattached to the posterior 
abdominal wall. 

The bursa om«iitl nudorls lies behind the stomach, and extends for a 
variable distance into the great omentum. The part in relation to the spleen may 
be referred to as the splenic recees; the part lying below the level of the foramen 
as theinferior recess ; and the part behind the stomach, which includes the splenic 
recess and a portion of the inferior recess, as the gastric recess. 



Fia. 33S.— DmaKOTion or the lesseb sac, rousra btaqi. (P. T. CiTmble.) 
The stomaah. witli the eiMptkn of • pait iwor the pjlonu which »u adherent to the puunu, ha* becD 
remored to eipow the aplenjo end ioferioi reoHsee oi the bnru omeali nujoiii. 

The rnstrto reoewt is the result of the changing size and position of the 
stomach. Its relation and extent are well demonstrated by a series of horizontal 
sections. In lig. 309 a section at the level of the twelfth thoracic vertebra is shown, 
and the superior part of the gastric recess is seen, its posterior wall beii^ formed 
by the lelt kidney, the lieno-renal ligament, the hilum of the spleen, and the gastro- 
splenic hgament (omentum). In a section at the level of the first lumbar vertebra 
(fig. 310), the posterior relations are the pancreas, the left kidney, the spleen, and 
the gastro-splenic ligament. In a section at the level of the second lumbar vertebra 
(fig. 311), the pancreas forms the main part of the posterior wall, only a small part 
of the transverse meso-colon being present at this level. A section through the 
third lumbar vertebra (fig. 317) demonstrates the transverse meso-colon and the 
head of the pancreas as the posterior relations. 

The gastric recess communicates through the isthmus with the bursa omentj 
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minoriB. VariationB in shape and extent of the buisa omenti majoiis aie commoD, 
and depend upon variations in the attachment o( the stomach to the pancreas 
and upon the amount of fusion between the layers of the great omentum. Fig- 322 
shoiTB a bursa omeuti majoris almost completely subdivided by a horizontal 
gastro-pancreatic fold into an upper and a lower chamber. 

Figs. 325 to 329 illustrate the anatomy of the lesser sac. 

In fig. 325, the lesser omentum and the structures contained between its two 



FlO. Sit;— FnU. STAOB IS TBI DIMXTTIoa o 



aa ooloa and mewMiolcHi, the Bplmi, tbfl rorauniog portioa of tho itoauoh vid the first inch of 
the duodsQum htve been lemared. The right and left ilio-lumW ngiooi of the great mo, aepusted fnm 
each oChsr by the meeeater; of the snull ioteatiDe. hars bean aipoaed. 

layers have been exposed by removing the left lobe and a portion of the tight 
lobe of the liver. In fig. 326, the leaser omentum has been divided to expose : — 

a. The foramen of Winalow (f.w.), or the right orifice of the vestibule. 

b. The vestibule, or that part of the lesser sac lying behind the hepato-duodenal 

ligament. 

c. The superior recess — r.sup. 

d. The recessus medius — ^r.ued. 

e. The foramen buisfe omenti majoris — f.bouaj. 

The lesser omentum is seen to be attached to the porta faepatis and the fossa 
ductus venoai of the liver. 

In fig. 327, the remaitung part of the right lobe of the hver has been removed by 
dividing tbe ligamentum triangulare dezt«r and the ligaments bounding the bare 
&rea, and by taking away the upper part of the inferior vena cava. 

The posterior wall of the superior recess is well seen. In fig. 328 all the stomach, 
VOL. n. rABT II. A A 
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with the exception of a part near the pyloroB which was cloeely adherent to the 
pancreas, has been removed. The following peritoneal folds and Btructnies were 
divided : — 

Anterior and posterior gastro-phrenic ligamei^ts. 

Gastro-splenic omentum. 

Gastro-colic omentum. 

(Esophagiis. 

Right and left gastric arteries. 

Right and left gastro-epiploic arteries. 
The foramen or isthmus is here very small, and is bounded superiorly by a 
gastrophrenic ligament enclosing the left gastric artery, and inferiorly by a gastro- 
pancreatic ligament. The lateral and vertical extent of the bursa omenti majoris 
and its splenic and inferior recesses are exposed. Fig. 329 shows the final stage of the 
dissection. The transverse colon and meso-colon, the spleen, the remaining portion 
of the stomach, and the first inch of the duodenum have been removed. The 
gastro-pancreatic ligament has been divided and is seen limiting, on the left, the 
recessus medius. 
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PARIETO-COLIC FOLDS. 

The most constant of these folds attaches the splenic flexure to the diaphragm 
in the region of the tenth rib. It forms a horizontal shelf upon which the spleen 
may rest, and, when well developed, shows a depth of 7*5 cm., and acts as a barrier 
to the passage upwards of pathological fluids. It varies considerably in its attach- 
ments, position, and extent, and may be entirely absent. 

On the right side of the abdomen, the fold is not so constant, and its position 
is more variable. Thus it may attach the hepatic flexure to the ribs, or the 
ascending colon to the iliac crest, or the csscmn to the iliac fossa, or it may occupy 
any intervening position. It may form a mere horizontal shelf, or it may be 
present in the form of a coronally placed membrane extending from the parietes 
to the anterior tcenia of the ascending colon. When present in this latter form, 
there is always a fossa lying posterior to the membrane, and this lateral 
para-coUc fossa opens superiorly or inferiorly into the general peritoneal cavity. 
Occasionally, one finds two fossae behind the membrane : one opening superiorly 
and one opening inferiorly. 

Although in some cases the parieto-colic fold corresponds closely to the 
sustentaculum hepatis of Treves, and either supports the liver in adult life, or 
may have supported the Uver in early childhood when that organ was 
proportionately larger, still, in the majority of cases, the fold is associated with 
ptosis of the csecum and has no relation to the liver. 

MEDIAN PARA-COLIC POSSiE. 

In fig. 330, one tji^ of median para-colic fossa is illustrated. A much commoner 
form is, however, shown in fig. 332, where the ascending colon and the first few 
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ea of the transveiBc colon are bound together hy a peritoneal sheet. This 
t appears to be part of the great omentum, and posterior to it is a capacioas 



ILIAC CREST 
fftRIETCXyVECAL 



Fw. 330.— PAEiMO-oacii, fold at thi lbtel of 

iBiBt'Y.nTB yuBa, wmt suaor rrosia or omantt. (CrymblBimdMkloolin.) 

Mote ilto the ■mall fold dttaohiug ths mediui upeot of the h«p*tio flexoce to Che pCBtarior abdominal viU. 
A foau (median paim.odio) lies poaWciot to thii fold. This Uttor fold is reiy nre, m we have Duly the ooa 
«»-f~rl« of it, sod it ia not uwatioaed in the litenitme. 

median paia-colio fossa containing in ttiis subject a loop of small intestine. We 
have met with this arrangement in two bodies. 

ILEAL FOLDS AND SINKS. 

One example of a kink of the pars cfecalia ilei is illustrated in fig. 333, whet« 
the right ihac fossa and contents, of a male aged sixty-five years, ate seen. 



PARIETO-COLIC FO 
VALVULACOLI 



nxto OUST. (OTinble and MAloohn.) 

The Ueum became retio-peritoneal where it crossed the right psoas, passed 
outwards in the iliac fossa, and made two right-angled bends before joining the 



FBBITONEnH 



CKCuin. Tlie first bead vr&a maintained by a peritoneal ridge ninmng outwards to 
the iliac crest. It must be borne in mind that normally the ileum paseee forwards 



Fti). 332.— MmuM rA&i-oC 

SXVBt YUBa, WITH ADBCglOR BETWin CDLOK Un> UTTBBIOB ABDOmUlL WILL. COLOFTOSn. 

(CTTDible uid Makolm.) 



IIEO-CAE 

ILEAL I 

RARIE10 II 



Fio. 333, (CrymblB und JWoolm.) 
The rweam hu boen tnnied npwudi to sipoe the tumiiuUoa of tiw ileom. There la > well'inuked 
V-ahtped Iduli : the apei of the V> directed downwudi and ontwuda. being ottached to the iliao mat by ■ 
ridge-like psiitooeal lojd. Hiatal to thli kiuk, Uw ilsom ia attuhed to the iliac fona by a peritowai abeet. 
[TObably fcrmed by tbe ileO'^aaoal fold ; b«hiad thii ileo-cncal fold ia a foaaa. Tba porliDD of thm ileam 
in the Dial foaaa [roiimal to tbs biuk ii deititule of a mBaeateiy and ia tharefon retro- periloaeal. 

and upwards from the bottom of the pelvis, along the right pelvic wall, to the 
ileo-ciecal junction. If this junction lies some distance lateral to the pelvic brim. 
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the ileum will ctobs the pelvic brim and pursue a short courae in the iliao fossa. 
Further, the pars cscalis ilei may possess a mesentery or may be bound down 
(i.e., tetro-peritoneal) to the pelvic wall, the psoas margin, or the iliac fossa. In 
the latter caee, a peritoneal fold is present at the junction of fixed and movable 
portions, of the same nature, and with a similar mode of production as the fold at 
the (esophageo-gastric, pyloro-duodenal, or duodeno- jejunal junctions. In short, 
these folds are all produced by traction, which in the ileum ia produced by the 



Fla 331.— TUJOKAIIOH OF ILKPH ASD CXaOK IH * FEIULI, AOID BUTY-ItlKB YUU, SKOWIHO rUUETO- 

tLUL FOLD. (CiTmble and Uftlcolm.) 
The dotted line morka out the limita a[ ■ foau which lay behind the cnoam uid ileonk. There i> a fan- 
disped fold DOtmeoting the ileiuu to the iliac tonn. This f dd is quite diitiUDt from the ilsCMWial fold which ia 
•een coonectiiig Ikum and OBenim. This fold ig evidently the genito-meiaatario fold of B«id (a fold fnqueDtly 
foond ia the fetus}, pwaing from the back of the mesentei; of the small iaiesliue to the brim of the peWis. 
Sometime* — ae in this case — the ileum becomes adherent to this fold. 

alternate filling and emptying of pelvic viscera, the bladder and rectum when full 
driving the pars ogecalis ilei out of the pelvis. There is no evidence to prove that 
mere fixation of the ileum in its normal position and course produces any degree 
of inte^inal stasis. In fig. 333, however, the ileum pursues a tortuous course in its 
fixed position, and here stasis is quite probable. Fig. 331 shows a fold fixing the 
ileum to the psoas, but if the bowel passes forwards from the bottom of the 
pelvis no kink would be produced. 



FORMATION OF FABA-COLIC FOLDS AMD F0SS2. 

There are three possible modes of formation : — 

(a) Cons' enltnl. — The presence of a parieto-colic fold about the level of the 

highest part of the ihac crest is occasioaally seen in the fetus and in the young 
child. Twelve out of the eighteen cases of sustentaculum hepatis, described 
by Treves,^ occurred in children under three years. We have seen in a child 
a paneto-cohc fold supporting a loop or knuckle of ascending colon. 

1 ' The Autooij of the lateMJnal Canal and Peritouenm Id Uao,' Huttltrian Lccfuru, 1SS9. 
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(6) Staultlnr from ptoslR.— It is quite conceivable that ptosis of the 
cteoiini and colon could b^ traction convert a horizontal peritoneal shelf into a 
coroDullj placed parieto-colic membrane of considerable vertical extent which 
would bound anteriorly a fossa. Such traction formation is figured in fig. 336. 



Fin. 33B. (CrymblB and Halcobn.) 
The DBcum hu b«en tamed apwuda to eip«« sn eiteiuiYe ileo-oeul fold wbich iiattuhedtoUaurD, 
cBcom, mi Iliac foua. Then i> ■ larga retrOHMecal fnu containing the Termifann appecdii. 

flint 1 explains the coionally placed parieto-colic membrane, occasionally found 
in the fetua, in a aomewhat similar way. Here, however, it is the normal descent of 
the ccecum which draws out the horizontal shelf into a coronal membiane. 




Fia. 330. (Ccymble and Maloolm.) 

A, Dormsl Moending colon and cecum, ahowing a hoiioalal peritoneal aboU. 

B, ptoeia of oteaam and colon has dragged the horizontal ahelf into a coronal memhrane with a (o«a, 
opAuing inferiorlj, behind tbe membrane. 

(c) ZnflammatoiT. — We believe that some of these folds attached to the 
CRCum and ascending colon are inflammatory in origin. For example, in %v 333, 
there is an adhesion between the anterior abdominal wall and the ascending 
colon, and the great omentum has attached itself to the ascending colon so as to 

1 Flint. Johnt HojMni Hop. Bull., September and October, 1913. 
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f oim the anterior boundary of a median para-colic fossa. We have never seen this 
condition in the fetus. 

It is, however, quite impossible in most cases to state whether a peritoneal 
fold or an adhesion is physiological or pathological. Every fetal peritoneal 
arrangement cannot be accepted as physiological, because the fetus may experience 
inflammatory changes. 

It is without doubt that adhesions may disappear in the fetus and in the 
adult. According to Broman ^ adhesions in the fetus persist only in the presence 
of pressure and in the absence of movement. 

If we apply the same view to the adult, all the difierent folds and fossae can 
be explained as being the sequelse of inflammation. 



Colon distended 

Colon contracted 





Parieto-cclic 
membrane 



Paracolic 
fossa 



A 



B 



FlO. 337. — ^HOBIZONTAL SECTIONS THBOUQH THE RIGHT ILIAO FOSSA, HXUSTBATINa DI40BAMMATICALLY A 
POSSIBLE MODE OF PARIETO-OOLIO MBMBRANE AND PAHA-OOLIO FOSSA FORMATION. (Orymble and BlalOolm.) 

A, oondition previous to fossa formation. 

B, oondition after partial disappearance of adhesions. 

Let US suppose a peri-colic inflammation, with temporary adhesions forming 
between the caecum, ascending colon, and neighbouring structures — e.g., small 
intestine, transverse colon, lateral and anterior ab- 
dominal walls, great omentum. The adhesions 
disappear in the parts subjected to most movement. 
These parts are : — 

1. The median aspect of the asoendinflr 
colon and caBCum between the anterior and 
postero-medlan taonlaB. — ^This part is exposed to 
movements of small intestine and transverse colon, 
and experiences marked alterations in its own form 
through peristalsis. The anterior taenia remains 
comparatively at rest, and therefore to it the great 
omentum remains attached. Thus arises the median 
para-colic fossa of flg. 332. 

2. The lateral aspect of the ascendinflr 

colon aboTC the iliac crest and between the anterior and postero- 
external taoniaB. — ^This part is exposed to movements in the lateral muscular 

1 Ivu Broman, op cit., p. 354. 




Fio. 338. — Transverse section 

THROUGH THE ARDOMEN OF 
A FETUS 8*3 CM. 

(J. Symington). 

V, body of lumbar vertebra ; 
K, left kidney; D.C, descending 
colon; P, peritoneum. 
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abdominal wal], and to the diUtatioa, coDtraction, and peristateis of its own 
muBculatuie. It is therefore much rarer to find parieto-colic folds in thie region 
than in the iliac fossa where the postero-lateial abdominal wall displays no 
movement. Ifote figs. 330, and 331 wheto the folds do not extend above the 
iliao crest. 

3. Th« lateral a»p«ot of tli« ononni and lllao portion of aaoondinv 
oolon. — This is the commonest seat of folds and fossn, because this part is not 
exposed to a moving abdominal wall, noi to the movements of other viscera, but 



Fio. 33fi,— Visw or iht>k-81<iko:d rOBat. (Joddmco.) 
The pelTiA baa been divided in m ooronal pluw oppcaite the bottran of the recto-TwoaJ pooch* and tbo 
ligmrad loop (pelvio oolon) hu been turned upwards and to the light. 

D. C, doecsnding ccion ; 8. F.. iigmoid oolon; R.. reotum lovered by peritoneum ; B', reotoni nncorored 
bj peiitoDenin ; B. V-r rocto-Tflaical fold of the peritoneum ; S. A., brKochee of the ngmoid artflty ; It, U-* 
left Dreter ; I. V., external iliac arteiy and Tcin i E. A., ligamentam ombilioaliB Uteralia. 

experiences only its own intriuuc movements. It is these intrinwc movementa of 
dilatation and contraction which account fot the lateral para-colic and para-ctecal 
fossie. Let tis suppose an adhesion between this part of the bowel and the iliac 
fossa. During contraction and dilatation, the tenin will remain as more oi 
less fixed points, whereas most movement will be experienced by the bowel 
wall midway between the tfenife. At the seat of this mai|ced movement, the 
adhesions disappear and a fossa results, leaving a membrane attaching the 
antenoi ttenia to the iliac fossa (fig. 337). 



PERITONEAL FOSS^. 

Porltoneal foaan oi pouches are often found on the posterior wall of the 
abdomen. They are of importance surgically on account of the fact that portions 



PERITONEAL FOSSaj 361 

of the intestine are liable to become lodged in tbem, giving rise to retro-peritoneal 
hemiie. 

Several of these fossce are found in relation witli the cfecum, and have already 
been described (see p. 114). Another fosaa, the itUer-sigmoid, is very conunonly 
met with during the fifth and sixth months of fetal life. This recess is funnel- 
shaped and opens below, behind the root of the mesentery of the pelvic colon. 
It extends upwards for a variable distance along the course of the ureter. In the 
young fetus (see fig, 338), the descending colon is connected by a relatively long 
mesentery to the posterior abdominal wall near the median plane. The posterior 
layer of the descending meso-colon soon unites with the peritoneum in front of the 



Via. 340.— A rucA DUODSMo-njinrALU o> shall iirKrr. (P. T. CrTmble.) 
Tha tnurarM iwloii bu been thrown npnnl*, and the hiuII iulcatiae hai been thrcnra to ths right 

; B, plios dnodono-iBiuiiiHi ; c. JBinnnit 



kidney ; but internal to this organ, the fusion of the two layers of peritoneum does 
not occur so readily, hence the formation of a tubuki recess, which communicates 
below with the general peritoneal cavity. This fossa is only occasionally met with 
in a well-developed condition in the adult. Several fossse, duodenal and duodeno- 
jejunal, are sometimes present near the termination of the duodenum. According 
to Jonnesco (Poirier'a ' Traits d'Anatomie humaine,' vol. iv,, pp. 256-263], there 
are five varieties of fosste met with in this region : namely, inferior duodenal, 
mperior duodenal, retro-duodenal, fara-duodenal, and duodeno-jejunal. 

The plica diioilano-J<diinalia is a useful guide to the surgeon in locating 
the duodeno-jejunal flexure. Two types of this fold are found : — 

1. The phca connects the summit of the flexure to the posterior abdominal 
wall immediately inferior to the body of the pancreas. It does not extend to the 
left of the inferior mesenteric vein, and it accurately surrounds the musculus 
suapensorius duodeni (fig. 340). 

2. The plica, more extensive than in the previous type, connects the summit of 
the flexure to the posterior abdominal waU and the anti-mesenteric border of the 
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first one or one and a half inches of the jejunum to the posterior suriace ol the 
transverse meso-colon. It extends to the left of the interior mesenteric vein, and 
the musculus suspcnsorius duodeni is enclosed only by its median portion (figs. 311 
and 312). 

The Kupsrlor daodanal foua lies to the left of the ascending portion of 
the duodenum, near its termination. The orifice looks downwards and the fossa, 
bounded in front by the superior duodenal fold, extends upwards to the body of 
the pancreas. The inferior duodenal fossa lies to the left of the ascending pwtion 
of the duodenum, being bounded anteriorly by the inferior duodenal fold. The fossa 
extends downwards and to the right, and opens superiorly. 

The r«tra-dnodaiial fossa lies behind the horizontal and ascending 



Pio. 341— ExnnsivB rue* ddodebo-iudhaus. (P. T. Oymhle.) 

colon bat been tbrmrn upwudi tad Uie null iatettiDt bu been tnitied to ths il^L 



pliw of Type 2 1> expond. A, transvene edon ; B, jejUDum ; c, put uc daod. ; D, inlerin 
B, plioa duodeno-Jejocolia ; j, deaoendiiig colotL 

portion of the duodenum and in front of the aorta. It opens inferioily, and is 
bounded laterally by two duodeno-parietal folds. In depth, the fossa varies from 
7 cm. to 9 cm. 

The para-daodanal fossa lies to the left of and some distance from the 
ascending portion of the duodenum, and is bounded anteriorly and laterally by a 
fold of peritoneum raised from the posterior abdominal wall hj the inferior 
mesenteric vein, which partially encircles the orifice of the fossa. The orifice is 
wide, and looks downwards and to the right. 

The duod«no-J«Jimal fossa is exposed, when present, by dragging the 
transverse colon upwards, and the jejunum downwards and to the right. It is 
situated at the root of the meso-colon, contains the duodeno-jejunal flexure and is 
bounded on either side by a duodeno-meso-colic fold. 
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ABNORMAL ARRANGEMENT OF PERITONEUM. 
Various abnormal folda of pecitoneum are found in connezioQ with the diffeient 
parts of the colon. Those in relation to the c»cum and ascending colon have 
abeady been described, and there lemain to be noted those afiecting the transverse 
and pelvic colons. 

1. The fifst p»rt of the transTsrse oolon may be closely ndherenl to the anterior surface ot 
the oacending colon, a kink at the hepatic flexure being produced. 

2. A portion of the transveree colon may form ft U-shaped loop, the two limbi of the loop 
being closely onited (6g. 344). 



FM. 312. — iLLBStaATIOH OF AS BIIUaiTB F. 

An eitendre plioii of Type 2 u prsHot, but ths ma 
UiB Uttar itniolon ii ibarply limited laterally by the infenor raeaenuna ti 
A DonunaalaaUai betveea tbe middle colic uid inferior meaenterie vei 
B, TrtiHHlw oc^e Toin ; <i, inferior meBenleric vein ; D. miuola of Xreit^ ; i, duodenum ; r, fJioa daodeuo- 
^jnnalii; a. deaoanding ocrion ; h. jejunum. 

3. The apex of a U-shaped loop of transverse colon may be Qzed to tbe hepatic flexure, a 
triple- barrelled arrangement being thus formed (Qg. 343). 

4. The transverse colon may be fixed in a position anterior to the liver (6g. 346]. 

G. The distal third or fourth of the traaBverse colon may be fixed by a short fold to the left iliac 
fossa and posterior abdominal wall, median to the descending oolon (Gg. 346). This arrangement 
of peritoneum produoes a striking alteiation in the position of the small intestine. Normally, 
the small intestine lies in the left itio-lumbar and pelvic regions, with oooosionaUy some inches 
in the right llio-liuubar region. This abnormal fixation of tbe colon prevents the small intestine 
entering the left itio-lumbar region, and forces it (o take up a position in front of the cKCum 
and ascending colon (Gg. 347). 

6. The pelvic oolon may form a U-shaped loop with the bowel entering and leaving the loop 
closely united by adhesions (fig. 343), or with the two limbs of the loop closely united to each 
other and to the desoending and iliac colons (Sg. 349). 
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Oymble.) 
The apei ol ■ loop of truuvene colon vM fixed 
to the bepatia fleiute. The loop uid tba proxiuu] 
few mchea of the tmuvene solan foming ft 
oloaely united triple- bUTBlled uruigsnieiit. !I%i«e 
mll-raiAsd uigulstiona were preasot |b» utowi). 
Tbs limba of a loop-ihaped pelrio colon wore oloael; 



(P. T. 

Shcnre a loop of tnncvene cole 
horiiQutally and lying behind ooilfl of 
The two limbi neu the apex of the loo 
by a dcae adheaion, and the apex lay hu 




"),^^ 



Fio. 346. — Abkobiui. fkbitohui. belation or 
{P. T. Gynible.) 
B oolon oocupka the right 
aDterior intraperitoiwal nib-phnuio apace and is 
fixed in thiB positJoD by adheaiona to the livei. 



Fio. 34S.— Abn 

TONKUH. (P.T.Crymble.) 
The transvene colon forma 
loop, the apex of which Itea ii 
diatal third of th ' 
UiQ poflteriw ab 
of colon prevents 
iuUi the left ilio-1 
caoum and asceoding coloo being covered by m 
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7. In fig. 349, the transverse colon passes below the root of the mesenteiy and behind the 
coils of small intestine, and is fixed in this position by adhesion to the posterior abdominal wall. 
The upper region of the abdomen is completely shut off from the lower region by a peritoneal 
membrane attaching the proximal fourth of the transverse colon and the great curvature of the 
stomach to the anterior abdominal wall, and the peritoneal cavity of this lower region passes 
freely upwards behind the stomach, where it is separated 
from the bursa omenti minoris by a complete septum 
bursarum composed of gastro-phrenic and gastro-pancreatic 
folds. 

The bursa omentis minoris, and the peritoneal cavity in 
relation to the liver, is normal. A gastro-splenic ligament is 
present, but it has no connexion with the peritoneal diaphragm 
above described, and it shows a free lower Ixmler. 

There are two possible explanations of this condition : — 

1. That the colon rotation has not taken place in the 
usual manner, and adhesion between the transverse colon and 
the posterior wall of the lesser sac has been prevented by the 
coils of small intestine. The lower part of the lesser sac has 
been invaginated into the gastric recess. 

2. The small intestine has burst through the transverse 
meso-colon, entered the lesser sac, and then burst through 
the great omentum, thus forming a free communication Fio. 347.— Abnormal posmoir of 
between the great sac and the gastric recess. small la T Etr i' im . (P. T. 

Oymble.) 

Shows the arrangement of the 
small intestine in the right ilio- 
lumbar region of the case illofltrated 
in fig. 346. The small intestine 
oconpied the right ilio-lambar and 
pelvic regions. The pelric loops 
were too complicated to figure. 
There was no small intestine in the 
left ilio-lumbar r^on. 





Fxa. 348. — ^Abnormal arbanokment of the 

PBBITONB17M tK RELATION TO THE PELVIC 

COLON. (P. T. Crymble.) 

The pelric colon formed a D -shaped loop and 
occupied the left ilio-lumbar region. The two 
limbs of the loop were closely adherent to each 
other and to the descending and iliac coIcmis. 
This arrangement was present in two elderly 
female subjects which were dissected in the 
Anatomy Department of Queen's University, 
Belfast, Session 1009-10. The abdomens were 
quite free from other adhesions and there was no 
maorosoopic evidence of obstruction. 



APPLIED ANATOMY. 

The peritoneum is liable to infection 
from the viscera in its neighbourhood. The 
fluid poured out by inflamed peritoneum 
or by a diseased viscus is controlled by 
gravity, by the arrangement of the peri- 
toneum, and by the formation of peritoneal 
adhesions. 

The three most dependent parts of the 
peritoneal cavity, with the body supine, are 
the pelvic cavity and the kidney pouches, 
and fluid therefore tends to collect in one 
or more of these parts. Certain regions 
have a peritoneal arrangement which 
readily permits of complete isolation by 
adhesions — €.^., the lesser sac requires only 
the obliteration of the foramen of Winslow ; 
and the sub-phrenic region, or one of its sub- 
divisions, may be isolated by an adhesion 
between the transverse colon or omentum 
and the anterior and lateral abdominal 
walls. 
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The following are the common causes of absfess of the various parts of the 
peritoneal cavity : — 

a. The right anterior intraperitoneal is usually infected by a liver abscess or a 
light pleural empyema. 

b. The light posterior intraperitoneal is infect«d by inflammation of the gall- 
bladder, by perforation of a gastric or duodenal ulcer, or by appendicitis. 
In the latter case, the pus passes upwards, lateral to the ascending colon. 
The gall-bladder, stomach, and duodenum are contents of the space. 

c. The left anterior intraperitoneal is infected by a left pleural empyema, a per- 

forated gastric ulcer, or an appeudicitiB. In the latter case, the pus passes 
from the pelvis, vhere it has collected, upwards, being guided to the space by 
the mesentery or by the lateral surface of the iliac and descending colon. 



Fia. 346.— AiNouui. ixEAxaount or FiBiroHitni ahu lUBivmBei colon. (P. T. CrjnMa.) 

Ths ImunnB etioa puaed below ths root ol the meaentery snd biiluad the jclnno-ilemn. Thnnghaat 

its whole doone it vm oloaely edherent to the poaterinr abdomiokl w«ll or to viaoen lying on the postnor 

abdomiaal mil. The leH illo-lumbu region oommnuio&te* freely vith t, retro-gutrie ipaee. Tba auU 

JuteMiiia oooupied tlie retfo-gMtrio ipMe. the left ilio-lambu regian. md the peine eavlty. 

. d. The left posterior intraperitoneal space or lesser sac is infected by lymph- 
adenitis of superior pancreatic glands, by pancreatitis, or by perforation 
of the posterior stomach wall. 

e. The right ilio-lumbar space is usually infected by the vemuform appendix. 

/ The left iho-lumbar space may be infected by perforation of the jejuno- 
ileum — most frequently the lower two feet of ileum, in typhoid fever — or by 
pericolitis sinistia. 

g. The pelvic cavity is more frequently infected in the female, owing to tiie 
frequency of inflammation of the uterine tubes. Owing to its dependent 
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position, fluid from any perforated viscus tends to collect here, and 
inflammation of a vermiform appendix directed towards the pelvis readily 
infects the space. 



MOVEMENTS OF THE OMENTUM. 

J. E. Adams {Lancet, March 8, 1913), by attaching lead pellets to the border of 
the omentum and examining by the X-rays, found that the movement was slight 
ai^d appeared to be secondary to intestinal peristalsis. 



SENSIBILITY OF THE PERITONEUM. 

Carl Franke (Berl. Min. Woch. Oct. 14, 1912) discusses the sensitiveness of the 
abdominal viscera. These viscera are innervated by the vagi, the sacral autonome, 
and the sympathetic ; but they contain no sensory fibres. Pain in an abdominal 
organ is due to stimulation of ordinary spinal nerves, issuing from the posterior 
spinal roots. 

In the human subject, the experience of local ansesthetics permits of a number 
of deductions. The parietal peritoneum is extremely sensitive, and has the power 
of localisation to some extent. Pain is felt in the mesentery right up to the 
intestine. The liver, apart from its peritoneal covering, is insensitive. The 
gastro-intestinal canal is insensitive : the pain of intestinal colic being due to 
dragging on the mesentery, and the pain of biliary colic being due to dragging on 
the nerves at the neck of the gall-bladder. 

For further information on the peritoneum, consult : — J 

1. Moynihan, Betro-periUmeal Hernia. London, 1890. 

2. G. S. Huntington, Human Peritoneum. Philadelphia, 1903. 

3. D. G. Reid, Journal of Anatomy and Physiology, vol. xlvi., 1911-12. 

4t. P. T. Crymble, 'The Muscle of Treitz and the Plica Duodeno-Jejunalis, British 
Medical Journal, Oct. 15, 1910 

5. Crymble and Malcolm, 'Para-colic Folds and Fossss,* Transactions of the Ulster 
Medical Society, 1912-13. 
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Abdomen, 74 

delimitation of, 74 
position of viscera of, .76, 80 
regions of, 74 
zones of, 76, 78, 79 
Abdomen and pelvis, 1, 62 
capacity of cavity of, 71 
cavity of, 63 
contents of, 62 

external form and shape of, 62, .64 
form of cavity of, 66 
muscles of, 63 
peritoneum of, 73 
shape of cavity of, 65, 68 
subdivisions of, 63 
walls of, 62-63 
Abdominal mammse, 311 
regions, 74 

sur&Lce of bladder, 226 
viscera, 76, 80 
Accessory bronchi, 193 
liver, 144 
lobe of lung, 191 
pancreas, 150 
pancreatic duct (ductus aocessorius) 

[Santorinil, 106, 149-160 
parotid gland (glandula parotis 

aocessoria), 18 
spleens, 315 
suprarenal glands, 330 
thyroids, 321 
Adams on prostatic secretion, 271 
Adams (J. E.) on movements of the omentum, 

367 
Addison on division of thorax and abdomen 

into regions, 77, 137 
Aditus laryngis, 165 
Adrenals, 327 
Aeby on the distribution of the bronchi, 193 

on calibre of trachea, 172 
Agminated glands (noduli lymphatici aggre- 

gati), 107 
Air-cells of lung, 202 
Alglave on situation of kidney in the infant, 

210 
Alimentary canal, 1 

Alveolar processes of jaws, 2, 41, 42, 43 
Alveoli, mammary, 308, 310 
Alveolo-labial sulci, 2 
Alveolus, dental, 26, 27, 42, 43 
Ammon on supernumerary mammary gland, 
311 
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Ampulla of ductus deferens, 247 
of lactiferous ducts, 308 
of rectum, 121 
of uterine tubes, 281 
Anal canal (pars analis recti), 122 
anterior relations of, 123 
arteries of, 130 
length of, 123 
lymphatics of, 131 
muscles of, 129 
nerves of, 131 
sinuses of, 129 
structure of, 129 
valves of, 129 
veins of, 130 
Anderson on nerves of thyroid gland, 323 
Annular pancreas, 150 
Ano-coocygeal body, 123, 295 
Anus, 1, 122, 129, 131 

imperforate, 131 
Aperture, laryngeal, 165 
Apex of lung, 185, 186 
of prostate, 269 
Apical bronchus, 192-193, 195 
Aponeurosis, pharyngeal, 54 
Apparatus digestorius. See digestive system, 
1 
respiratorius. See respiratory 

system, 152 
urogenitalis. See urogenital 
system, 204, 234 
Appendices epiploicse, 123 
Appendix epididymis, 242 

testis (hydatid of Morgagni), 242 
ventriculi laryngis, 165 
vermiform (processus vermiformis), 
110, 118, 114, 123, 124, 125, 127, 
130 
vesicae, 233 
Arbor vit» uterina, 287, 291 
Arch, dental, 5, 25, 43 
Arcus palato-glossus, 51 

palato-pharyngeus, 51 
Area, mammary, 310 

of prsacordial dullness, 191 
Areola mammse, 305 
Areolar coat of large intestine, 125 
of liver, 132 
of cesophagus, 61 
of smaU intestine, 104 
of stomach, 92, 94 
Arnold on lymphoid tissue of lung, 200 
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Arterial arohes of kidney, 214 
Artery or arteries, of aortic glands, 332 
bronchial, 176, 198 
of corpus cavernosum urethre, 260 
cystic, 145 

of female urethra, 298 
of gim-bladder, 145 
heUcine, 257-258 
hepatic, 132, 140 
of kidney, 213 
of large intestine, 129 
of larynx, 170 
of lung, 197 

of mammary gland, 309 
of oBsophagus, 61 
of ovary, 278 
of parathyroid glands, 324 
of pancreas, 151 i 

of parotid gland, 22 
of penis, 258, 260 
of pleura, 185 
of prostate, 271 
of rectum, 130 

of scrotum and spermatic cord, 240 
of seminal vesicles, 252 
of small intestine, 107 
of spleen, 317 
of stomach, 95 
of sublingual gland, 24 
of submandibular gland, 23 
of suprarenal glands, 330 
of teeth, 36 
of testis, 252 
of thymus, 326 
of thyroid gland, 322 
of tongue, 14 
of toi^ils, 53 
of trachea, 176 
of ureter, 221 
of uterus, 291 
of vagina, 295 
of vulva, 303 
Arteriffi glomerulorum of kidney, 214 
interlobulares, 214 
roctsD, 214 
Articulations, crico-arytenoid, 159 

crico-thyroid, 159 
Ary -epiglottic folds, 166 

muscle, 160, 164 
Arytenoid cartilages, 153, 155, 166, 166, 167 
development of, 157 
ossification of, 157 
processus muscularis of, 155 

vocalis of, 155 
sesamoid cartilage of, 155 
muscle, 160, 164 
action of, 164 
Atria of lobular bronchioles, 196 
Australians, dental index of, 26 

incisors of, 25 
Axillary mamms, 311 

Baser on parathyroid glands, 324 

Bag of the omentum, 336 

Ballantyne on labia majora, 300 

on length of pancreas at birth, 151 
on the liver in the infant, 144 
on the spleen in the infant, 315 

Ballantyne and Williams on hydatid of 
Morgagni, 282 
on mesosalpinx, 289 



Ballantyne and Williams on ostium abdo- 

minskle of uterine tubes, 281 
Bands, muscular, of colon (tsBme coli), 124-125 
Bartholin, duct of (ductus sublingualis major), 
24 
glands of (glandulse vestibularis majores), 
303 
Basal surface of bladder, 222 

of spleen, 314 
Base of bladder, 223 
of lung, 185 
of prostate, 269 
Batchelor on varieties of mammary gland, 310 
Berry (J.) on length of great curvature of 
stomach, 91 
on suspensory ligaments of thyroid 

gland, 319 
on length of vermiform appendix, 113 
Bertin, columns of (columnar renales), 212, 213 
Bicuspid teeth (premolars), 24, 27, 82, 37, 

40, 45 
Bile-duct, common (ductus oholedochus), 98, 

99, 144, 146, 147, 149 
Birmingham on absence of ileo-oolic valve, 128 
on ducts of Bivinus, 24 
on muscular fibres of oesophagus, 60 
on the stomaoh-bed, 90 
Bismuth meal, 82-86 
Blacker on labia majora, 300 
Bladder, gaU, 133, 134, 136, 144, 145 

urinary. See urinary bladder, 204, 221 
Blatchford on variations of duodenum, 101 
Bloodless fold [Treves], 114 
Blood-vessels. See arteries and veins. 
Body of pancreas, 146, 147, 148, 149 
of penis, 258, 255 
of tongue, 6 
of tooth, 26 
of uterus, 288, 286, 287, 288, 289, 290, 

291 
Wolffian, 239, 249, 282, 289 
Bodies, chromaphil, or para^nglia, 331 
Border, mesenteric of small intestine, 103 
Brachet on the number of lobes of the liver, 

140 
Bradley on blood-supply for lobes of liver, 140 
Braune on the duodenum, 97 
on calibre of trachea, 172 
on cardiac orifice of stomach, 87 
Breast, 304 
Broad ligament of uterus (ligamentum latum 

uteri), 285, 289, 344 
Broedol on blood-vessels of kidney, 215, 216 
on development of vermiform appendix, 

112 
on length of vermiform appendix, 1 13 
on position of vermiform appendix, 113 
Broman on bursa infra-cardiaca, 59 

on formation of para-colic folds and 
fossae, 359 
Bronchi, right and left, 173 

carina trachese of, 174 
structure of, 176 
within the lungs, 192 

apical or eparterial branch of, 

174, 192, 193, 195 
blood-vessels of, 198 
cartilaginous rings of, 176 
dorsal branches of, 192, 193, 195 
hyparterial branch of, 174, 193 
lymphatics of, 200 



INDEX 



371 



Bronchi, within the lungs — 

physical properties of, 202 
subcardiac branch of, 192 
structure of, 196 

ventral branches of, 192, 193, 195 
Bronchioles, 196 

Brooks on plicae circulares (valvulffi con- 
niventes), 105 
on reflexion of pleura, 182 
Brunner's glands (glandulse duodenales), 98, 

106 
Bruhns on lymphatics of ovary, 278 
Buccse (cheeks), 3, 5 
blood-vessels of, 5 
lymphatics of, 6 
nerves of, 6 
Buccal glands, 5 
Bucco-pharyngoal fascia, 54 
Buds, taste, 9 
Bulb of corpus cavemosum urethrse, 123, 

259, 266 
Bulbo -urethral glands (Cowper's glands), 268 
Bulbous portion of urethra, 259, 266 
Bulbs, vestibular, 300, 301, 302, 303 
Bursa, infra-cardiaca, 59 

omenti majoris, 89, 337, 350, 352, 353 

foramen of, 346, 348, 850, 351 
omenti minoris, 89, 846, 347, 350 
middle recess of, 346, 847, 353 
superior recess of, 846, 353 
vestibule of, 846, 353 



CfiCUM (intestinum caecum), 110, 111, 334, 
343, 354, 359, 360 

development of, 112 

dimensions of, 112 

fetal, 112 

fosssB of, 114, 361 

ileo-ceecal fold of, 114 

ileo-colic fold of, 113 

orifices of, 127 

position of. 111 

types of, 112 

vermiform appendix, 113 
Calyces of kidney, renales majores, 216-217 

renalee minores, 216-217 
Canal or canalis, alimentary, 1 

anal, 122, 129, 131 

of epididymis, 242, 246 

gastricus, 89, 94 

hepatic, 132 

inguinalis, 235 

of Nuck, 240, 289 

portal, 132 

pyloric, 89 

of Stensen, 15 

of Wirsung, 149 
Canine teeth, 24, 27, 81, 39, 40, 42, 43, 45 
Capsula adiposa of kidney, 211 
Capsule, of Glisson, 132 

glomerular, 214 
Caput coli. 111 

epididymidis, 242 
gallinaginis, 263 
Cardia, 87, 89, 90, 91, 94 
Cardiac g^nd, 331, 888 
orifice, 82, 92 
portion of stomach, 82, 89 
Carina urethralis vaginae, 294 
Carotid gland (glomus caroticum), 331, 882 



Cartilage or cartilages, arytenoid, 153, 156 
157, 162, 163, 165, 166, 167 
bronchial, 176 

corniculate. 153, 155, 165, 166 
cricoid, 153, 154, 157, 158, 159, 169, 323 
cuneiform, 153, 155, 166 
epiglottic, 153, 155 
of larynx, 153 
of Luschka, 163 
of Santorini, 153, 155 
sesamoid, 155, 156 
thyroid, 158, 157, 158, 159, 161, 163, 168, 

318, 319 
tracheal, 174 
of Wrisberg, 153, 155 
Cartilago triticea, 158 
Carunculffi myrtiformes, 297 
Cat, development of mammae of, 310 
nerves of parotid of, 22 

of trachea of, 176 
spleen of, 316 
Cauda epididymidis, 242 
Caudate lobe of liver (lobus caudatus), 133, 

184, 135, 140 
Cavity, abdomino-pelvic, 63 
nasal, 47, 50 
of pharynx, 47 
of pleura, 176, 178 
of uterus, 286 
Cavum abdominis, 63 

dentis, 28. 38, 39 

laryngis, 164 

oris (cavity of mouth), 1 

proprium, 2 
pelvis, 63 
peritonsei, 338 

prevesicale, or cavum Retzii, 225 
Cells, chromaphil, 329, 331, 332, 333 
colloid, of thyroid gland, 321 
lymphoid, of thymus gland, 326 
reserve of thyroid gland, 321 
Cementum, or crusta petrosa (substantia 

ossea), 28, 36, 39 
Cerato-cricoid ligaments, 159 

muscle, 161 
Cervical fistulse, 56 

pleura, or cupula pleiu>«e, 179, 184 
Cervix of bladder, 223 
of penis, 253 

of uterus, 285, 286, 288, 289, 290, 291 
Chaput and Lenoble on diameter of jejunum, 

102 
Cheeks (buccse), 3, 5 
blood-vessels of, 5 
glands of, 5 
gums (gingiva). 5 
lymphatics of, 6 
mucous membrane of, 5 
nerves of, 6 

sucking-pad of (corpus adiposum buccse), 
5 
Chromaphil bodies or paraganglia, 331 
Chievitz on duct of Bartholin, 24 

on ossification of cartilaginous rings of 
trachea, 176 
Choanse, 47, 50 
Cleft, pharyngeal, 50, 53 

pudendal or vulval, 271, 298, 802 
visceral, 56 
Clefts of tonsil (fossulse tonsillares), 53 
Clitoris, 298, 800-801, 303 
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Oocoygeal gland (glomus ooocygeum), 333 
Collecting- tubes, renal, 213 
Colliculus bulbi, 259 

seminalis, 288, 265 
Colloid cells, 321 

material, 321, 322, 324 
CoUum glandis of glans penis, 253 
Colon, 110, 114, 336 

ascending, 110, 114, 124, 126, 334, 355, 

359, 360 
descending, 110, 116-117, 124, 125, 334, 

335, 361, 
fetal length of, 120 
iliac, 110, 117, 126, 335 
pelvic, 110, 118, 120, 125, 274, 335, 344, 363 
transverse, 110, 115, 124, 125, 126, 336, 
337, 340, 343. 344, 355, 363 
Columns of Bertin (columnse renales), 212, 213 
of vagina (columnsB rugsmim vagime) 
295 
Common bile-duct (ductus choledoohus), 98, 
99, 144, 145, 147, 149 
seminal duct (ductus ejaculatorii), 246, 
252, 265, 269 
Concentric corpuscles of Hassall, 326 
Coni vasculosi (lobuli epididymidis), 244 
Conical papillse, 8, 9 
Conus elasticus, 158 
Convoluted tubules of kidney, 214 
Cooper on mediastinum testis, 243 

on nerves of thymus, 327 
Cord, spermatic (funiculus spermaticus), 235 
Comictdate cartilages of larynx, 153, 155, 

165, 166 
Coming on pelvic colon, 120 
Comua of thyroid cartilage, 154 
Corona glandis of glans penis, 253 
Coronary ligament of liver, 189, 338, 339, 340 
Corpora albicantia of ovary, 276 
cavernosa clitoris, 300 

penis, 253, 256 
Corpus adiposum buccss, 5 

cavemosum urethree, 253, 259, 266 
epididymidis, 242 
Highmori, 243 
luteum, 276 
mammse, 306 

spongiosum. See corpus cavemosum 
urethrse, 259 
Corpuscles, concentric, 326 

Malpighian, of kidney, 213 
of spleen, 317 
Cortex of muscle substance of tongue, 14 

of thymus follicles, 325-326 
Cortical substance of kidney, 212, 213, 214 

of supra-renal glands, 328- 
329 
zone of testis, 244 
Costal pleura (pleura costalis), 179, 180, 185 

zone of abdomen, 75 
Costo-colic ligament or sustentaculum lienis, 

116, 336 
Cowper's glands (glandulas bulbo-urethrales), 

265, 268 
Cremaster muscle, 239 
Cremasteric fascia, 239 
Crest of urethra, 263, 265 
Cricoid cartilage, 153, 154 
facets of, 154 
inferior border of, 154 
lamina of, 154 



Cricoid cartilage, morphology of, 157 
ossification of, 157 
superior border of, 154 
Crioo-arytenoid articulations, 159 

muscle, lateral, 162 

action of, 162 
muscle, posterior, 161 
action of, 161 
variety of, 161 
Crico-thyroid articulations, 159 
membrane, 158 
muscle, 161 

action of, 161 
Crown of tooth, 25, 26, 27, 28, 31, 33. 35, 

87, 40 
Crura of clitoris, 300 

of corpora cavernosa penis, 256 
Crusta petrosa, 28 
Crymble on musculus suspensorius duodeni, 

101 
Cryptorchismus, 240 

Ciypts of lieberkiihn (glandulsB intesUnales), 
106, 125 
of mucous membrane of tongue, 10 
of teeth, 43 
Cul-de-sac, 89, 94 
Cullingworth on glands of Bartholin, 303 

on labia majora, 300 
Cuneiform cartilages, 153, 155, 166 
Cunningham on delimitation of abdomen, 75, 
136 
on facets of kidney, 209 
on the kidneys, 207 
on the shape of the spleen, 314 
on sphincter fibres of pyloric part of 

stomach, 94 
on relation of duodenum to right kidney, 
100 
Curvatures of oesophagus, 58 

of stomach 82, 85, 87, 89, 91, 92 
Cushion of Eustachian ojifice, 49 
Cushions, levator, 50 
Cuspidate teeth, 31 
Cusps, dental, 31, 33, 35, 37 
Cuticle, dental (Nasmyth*s membrane), 44 
Cystic duct, 144, 146 



Dabtos tissue, 238, 289, 255 
Debierre on ileo-colic valve, 128 
Deciduous teeth, 24, 25, 85, 37, 39 

period of eruption of, 44 
Deferent duct (ductus deferens), 235, 246 

ampulla of [Henle], 247 
Deglutition, larynx diuring, 164 
Delmar on variations of caecum, 112 
Dental arches, 5, 25, 26, 42, 43 
curve, 25 
cuticle, 44 
germs, 36, 37 
index, 26 
papillae, 37, 38 
periosteum, 27 
rudiments, 46 
sacs, 37 
Dentes or teeth, 1, 24 

canine, 24, 25, 27, 81, 39, 40 

crowns of, or body of, 25, 26, 27, 28, 31, 

33 
deciduate, 24, 25, 85, 37, 39, 44 
incisors, 25, 27, 28, 40 
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Dentee or teeth — 

molars, 24, 25, 27, 32, 35, 37, 39, 41, 43 

permanent, 24, 25, 28, 40, 42 

post-natal development and growth of, 36 

of prehistoric man, 35 

premolars, 24, 25, 26, 27, 32, 37, 40, 45 

root of, 26, 27, 30, 32, 33 

wisdom, 25, 88, 34, 37, 45 
Dentine, 28, 37, 38, 39 
Dentition, 24, 46 

changes in jaws during, 41, 42, 43 

diphyodont, 24, 46 

heterodont, 24 

homodont, 24 

megadont, 26 

mesodont, 26 

microdont, 26 

monophyodont, 46 

polyphyodont, 46 

post-permanent, or tertiary, 46 

prelacteal, 46 
Descending colon, 110, 116 
Descent of osecum, 112 

of ovary, 276, 277 
of testis, 235, 239, 240 
Detrusor minsB muscle, 233 
Development, of csecum and vermiform 
appendix, 112, 113 

of cartilages of larynx, 157 

of glandmar tissue of prostate, 271 

of liver, 139 

of mammary gland, 310 

of teeth, post-natal, 36 

of thyroid gland, 320 

of ureter, 209 
Diaphragmatic pleura, 179, 185 
Diastema, 25 
Dickey (J. S.) on apical portion of lung, 186 

on cervical pleura, 184 

on origin and distribution of bronchi, 192 
Differences between jejunum and ileum, 102 
Digestive system (apparatus digestorius), 1 

parts of, 1 
Disse on position of urethral orifice, 224, 231 
Diverticula, oesophageal, 62 

pharyngeal, 56 
Diverticulum, Meckel's, 103 
Dixon (A. F.) on form of empty bladder, 222, 
335 

on prostate, 269 

on supernumerary kidney, 211 
Dog, nerves of parotid of, 22 
of trachea of, 176 

spleen of, 316 
Dorsal artery of penis, 256, 260 

vein of penis, 256, 260 
Dorsum of penis, 253, 255, 256 
Douglas, pouch of, 122, 288, 294, 344 
Drummond (H.) on the arterial supply of 

rectum and pelvic colon, 130 
Dubois on morphology of cartilages of larynx, 

157 
Duct or ducts — ductus — 

of Bartholin (ductus sublingualis major), 
24 

bile, common (ductus choledochus), 98, 
100, 144, 146, 147, 149 

bilifori, 144 

cystic, 144, 146 

deferens, 226, 235, 246, 249, 250, 251, 
252, 335 
course and relations of, 245 



Duct or ducts — ductus — 
deferens — 

dimensions of, 247 
structure of, 247 
efferentes testis (vasa efferentia), 244, 245 
ejaculatorii (common seminal), 246, 252, 

265, 269, 270 
epididymidis, 242, 246 
[of Gartner (epoophori longitudinalis), 280 
hepatic, 140, 144, 145 
hepato-cystic, 145 
lactiferous, 308 
lingualis, 10 
Mullerian, 234, 235, 265, 271, 291, 294, 

296, 298 
pancreatic (canal of Wirsung), 100, 140 

termination of, 98, 145 
para-urethrales (Skene's tubes), 298 
parotid (Stensen's duct), 21 
prostatic, 270 
of Rivinus (ductus sublinguales minores), 

24 
of Santorini (ductus accessorius), 106, 149 
submandibular (Wharton's), 23, 24 
thyro-glossal, 10, 321 
ductuli transversi, 280 
venosus, 139 

fossa of, 133, 134, 337 
Wolffian, 229, 234, 235, 271, 280, 294, 298 
Ductless glands, 312 
Duodenal fossse, 100, 361 
inferior, 361, 362 
superior, 361, 362 
Duodeno-jejunal flexure, 100, 101, 361, 362 

fossa, 361, 862 
Duodenum, 97, 145, 147,149, 334, 340, 343, 361, 
362 
diverticula of, 101 
divisions of, 98 
glands of, 98, 106-107 
papillaB of, 106 
pars ascendens of, 100, 362 
descendens of, 99, 334 
horizontalis, 100, 362 
superior, 98, 345 
peritoneal relations of, 101 
plica duodena-jejunalis of, 101, 361 

longitudinsklis of, 106 
suspensory muscle of, 101, 361, 362 
varieties of, 101 
Duverney, glands of, 303 



Ebneb on lingual glands, 10 

Efferent ducts of testicle (vasa efferentia), 

242, 244, 245 
Eggeling on morphology of mammary gland 

310 
Ejaculatory duct (ductus ejaculatorii), 246, 

252, 265, 269 
Elephant, testes of, 240 
EUis on muscular fibres of bladder, 233 
Enamel, 28, 36, 38, 39, 43, 44 

germs, 37 

organ, 37, 39, 44 
End-bulbs, 9 

Eparterial branch of bronchus, 174, 192, 193 
Epididymis, 242, 243, 245, 246, 248 

appendix of, 242 

canal of (ductus epididymidis), 245, 248 

caput of, 242, 249 

Cauda of, 242 
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Epididymis — 

corpus of, 242 
ligamentum inferius of, 242 

superius of, 242 
structure of, 245, 248 
Epiglottic gland, 170 
Epiglottis, 152, 156 

cartilage of, 153, 156 
lymphatics of, 170 
morphology of, 157-158 
mucous membrane of, 170 
position of, 155 

in swallowing, 164 
tubercle of (tuberculum epiglotticum), 
156 
Epiploic foramen (foramen epiploicum) [Wins- 

lowi], 336, 345 
Epoophoron (parovarium or organ of Rosen - 
muller), 280 
longitudinal duct of (ductus epoophori 

longitudinalis), 280 
paroophoron, 280 

transverse ductules of (ductuli transversi), 
280 
Erectile tissue of penis, 256, 259, 266 

nerves of, 260 
of vulva, 300 
Eruption of teeth, 43 
deciduous, 44 
permanent, 44, 45 
Europeans, dental cusps of, 33 
position of incisors of, 25 
Eustachian orifice, cushion of, 49 

tubes (tubsB auditiv»), 47, 49, 55 
Evart on female urethra, 298 
Evatt on development of vagina, 294 
Ewart on bronchi and pulmonary blood- 
vessels, 194, 198 
Excavatio recto-uterina (pouch of Douglas), 

288, 294, 344 
Excavation, recto -uterine, 336 

vesico -uterine, 336 
Exner on longitudinal fibres of small intestine, 

104 
External urethral orifice (orificium ur6thr«e 
externum) of female, 297 

of male, 266, 267 j 
Extrinsic muscles of tongue, 11 
Eye-teeth, 31 



Falciform ligament of liver, 133, 135, 138, 

139, 338, 340, 341 
Fallopian tubes (tubaa uterinae). See uterine 

tube, 271, 280, 283, 336, 344, 366 
Fangs of teeth, 26, 27, 28, 32, 33, 35, 38, 40, 

41 
Farre on structure of ovary, 275 
Fascia, bucco-pharyngeal, 54 

cremasteric, 239 

infundibuliform or internal spermatic, 
235, 239 

intercrural or external spermatic, 239 

propria of spermatic cord, 239, 243 

transversalis, 235, 239 

visceral pelvic, 270 
Fasciculated bladder, 233 
Fauces (isthmus faucium), 1, 51 
Fawcett on variations of duodenum, 101 

on absence of vermiform appendix, 113 
Felix on ductus ejaculatorii, 252 



Female genital organs (organa genitalia 
muliebria), 234, 271 
clitoris, 298, 300 
external genital organs (partes genitales 

extemse), 272, 298 
labia majora, 298, 299 

minora or nymphse, 298, 299 
mons pubis, 298, 299 
ovaries (ovaria), 271, 272 
pudendum or vidva, 298 
uro-genital sparse or pudendal cleft, 271, 

272, 298, 802 
uterine tubes (tubse uterinae), 271, 280 
uterus, 271, 283 
vagina, 271, 292 
vestibular bulbs, 298, 802 

glands (glandulas vestibularis 
majores), 298, 803 
Fibrous coat of kidney (timica fibrosa), 211 
of liver, 132 

of penis (tunica albuginea), 257 
of spleen (tunica propria), 316 
of suprarenal gland, 328, 329 
of testicle (tunica albuginea), 242, 
243 
sheath of prostate, 270 
Filiform papillae, 9 
Fimbria, ovarian, 274, 282 
Fimbriae, 282 
Fimbriated extremity of uterine tubes, 274, 

278, 281, 282 
Finger on internal sphincter of urethra, 262 
Fischer (E.) on parathyroid glands, 323 
Fissure or fissures — 

of ductus venosus (fossa ductus venosi), 

183, 134, 139, 337 
of liver, 133 

longitudinal (fossa sagittalis sinistra), 133 
of lung, 187 
portal (porta hepatis), 183, 136, 136, 

139, 336, 337 
umbilical (fossa venae umbilicalis), 133, 

136, 138, 140, 144 
of vena cava (fossa venae cavae), 138, 
134, 135, 139 
Fistulae, cervical, 56 
Flexure, duodeno-jejimal, 100, 148, 361 

hepatic, 114, 115, 116, 124, 136, 336, 355 
splenic, 115, 116, 117, 124, 336, 341, 354 
Flint on ducts of submaxillary gland, 23 
Floating kidney, 211 
Flowers on dental index of premolars and 

molars, 26 
Fold or folds, of anal canal, 129 
ary -epiglottic, 54, 156, 166, 168 
gastro-pancreatic, 89, 348, 351 
gastro -renal, 89 

glosso-epiglottic, 7, 54, 156, 159 
ileal, 355 
ileo-caecal (inferior ileo-caecal of Treves), 

114 
ileo-colic (superior ileo-caecal of Treves), 

113 
inter-arytenoid, 167 
para-coUc, 357 
parieto-colic, 854, 357, 360 
recto-genital, 227 
utero-vesical, 288 
sacro-genital, 226, 345 
salpingo-pharyngeal, 50 
semilunar, of uterus, 288 
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Fold or folds, of sinus tonsillaris, 52 

transverse peritoneal of bladder, 227 
ventricular, 159. 165, 167, 168 
vocal, 162, 164, 165, 168 
FolUcles, Graafian, 272, 276, 277 

lymphoid. See lymphoid follicles 
of spleen (noduli lymphatici lienalis), 317 
of thymus gland, 325 
Foramen apicis dentis, 35 

caecum of tongue, 7, 10 
epiploicum [Winslowi], 336, 337, 340, 
Foramina, naso -palatine, 15 [845 

Foreskin or prseputium, 253 
Fornix of vagina, 292 
Fossa or fossae, anterior palatine, 15 
of vallate papillae, 9 
of ductus venosus, 133, 134, 139, 337 
duodenal, 100, 861 
inferior, 361, 362 
superior, 361, 862 
duodeno- jejunal, 361, 862 
for gall-bladder, 138, 136, 145 
glosso-epiglottic, 8 
Ueo-C8Dcal, 114 
inguinal, lateral, 334 

median, 334 
intersigmoid, 361 
ischio-rectal, 123 
nasal, 16 
navicularis urethrae, 266 

valve of, 267 
navicularis vestibuli vaginae, 302, 303 
obturator peritoneal [Waldeyeri], 247, 288 
ovarica, 274 
para-colic, 854, 367, 359 
para-duodenal, 361, 862 
para-vesical, 247, 288 
peritoneal, 114, 360 
retro-caecal, 114 
retro -colic, 114 
retro-duodenal, 361, 862 
retro-ureteric of bladder, 229 
of Rosenmiiller, 49, 50, 51 
sagittales dextrae, 133 
supra -tonsillaris, 52, 53 
supravesical, 334 
tonsillar, 53 
venae cavae, 188, 135 

umbilicalis, 133 
vesicae felleae, 133, 136 
Fossulae tonsillares, 53 
Fourchette, 2W, 300, 302 
Fraena or retinacula of ileo-colic valve, 127, 128 
Franke on sensibility of peritoneum, 367 
Frazer on early development of Eustachian 

tube and naso -pharynx, 50 
Frenulum labii, 2 

labiorum pudendi, 299 
linguae, 3, 6, 23, 24 
praeputii, 253 
Fraenum of clitoris, 301, 302 
Frohse on nerves of cheek, 6 
Fundus of bladder, 223, 228 
of gall-bladder, 145 
of stomach, 81, 82, 89, 91 
of uterus, 288, 291 
Fungiform papillae, 8, 9 

Gall-bladder (vesica feUea), 133, 136, 144, 146, 

340 
duct of (ductus choledochus), 145 



Gall-bladder, fundus of, 145 
neck of, 145 
varieties of, 145 
Gartner^s duct (ductus epoophori longitu- 

dinalis), 280 
GaskeU on nerves of bladder, 234 
Gastric recess, 352 

surface of spleen, 90, 814 
G^stro-hepatio omentum, 345 
Gastro-phrenic ligament, 89, 336, 351 
Gastro -pulmonary system, 1 
Gastro-splenic ligament (ligamentum gastro- 

lienale), 91, 815, 336, 337, 352 
omentum, 73 
Gastro-pancreatio folds, 89, 348, 351 
Gastro-renal folds, 89 

Gegenbaur on morphology of cartilages of 
larynx, 157 
on morphology of mammary gland, 310 
on palatine folds, 16 
on plica fimbriata of tongue, 6 
Genital organs, 204, 234, 271 
female, 234, 271 
male, 234, 285 
Gerlach on contraction of intrinsic muscles 

of larynx, 169 
Germ epithelium, 275 
Germs, dental, 36, 37 

enamel, 37 
Gingivae (gums), 5 

Giraldds on absence of teeth in infant sixteen 
months old, 44, 
organ of, 249 
Gladstone on varieties of ureter, 221 
Gland or glands — glandulae — 
acino-tubular, 10, 151 
agminated, or glands of Peyer, 107 
of alimentary canal, 1 
anterior lingual, 10 
ante-prostatic, 268 
of Bartholin (glandulae vestibularis 

majores), 303 
of bladder, 234 
of Brunner (glandulae duodenales), 98, 

106, 107 
buccal, 5 
bulbourethral, 235, 265, 268, 303 

ducts of, 268 
cardiac, 331, 888 

carotid (glomus caroticum), 331, 882 
of cervix uteri, 290 
coccygeal (glomus coccygeum), 333 
of Cowper (glandulae bulbo-urethrales), 

265, 268, 303 
ductless, 312 
of ductus deferens, 248 
duodenal, 98, 106, 107 
of Duvemey, 303 
epicolic, 131 
I epiglottic, 170 

hepatic, 141 
ileo-colic, 130, 131 

of intestine (glandulae intestinales), 106, 
125 
of colon, 125 
of laryngeal pouch, 168 
of laiynx, 170 
lingual, 10 
of lips, 3, 5 
of Littr^, 266 
mammary, 303. See mammary gland 
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Qland or glands — glandulse — 
mesenteric, 131 
molar, 5 
of mouth, 2, 3 

mucous, of bronchial tubes, 196 
of nipple and areola, 306 
of Nuhn-Blandin, 10 
oesophageal, 61 
parathyroid, 312, 328 
parotid (glandula parotis), 17. See 

parotid gland, 
parotis skccessoria, 18 
of penis, 255 
of Peyer, 106, 107 
of .pharynx, 65 
prostate (prostata), 235, 268 
salivary (glandulsB salivales), 1, 17 

number of, 17 
sebaceous, 310 
of small intestine, 106-107 
of soft palate, 16 
solitary (noduli lymphatici solitarii), 

106, 107 
of stomach, 95, 96 
sublingual, 17, 24. See sublingual 

glands 
submandibular, 17, 22. See submandi- 
bular gland, 
sudoriferous, 806, 310, 311 
superficial inguinal, 266, 291, 303 
supra-renal, 312, 827. See suprarenal 

gland 
thymus, 312, 824. See thymus gland 
thyroid, 10, 312, 818. See thyroid gland 
of tongue, 7, 10 
of tonsil 53 
of trachea, 175, 176 
tubular, of stomach, 95, 96 
of ureter, 221 
of urethra, 266 
uterine, 290 
of uterus masoulinus (utriculus prosta- 

tious), 265 
of vallate papiUse, 9, 10 
of vulva (glanduln vestibularis minores), 
303 
Glans clitoridis, 300 

penis, 253 
Glisson, capsule of, 132 
Globus major of epididymis, 242 
minor of epididymis, 242 
Glomerulus, renal, 214 
Glomus caroticum, 331, 882 

coccygeum, 333 
Glosso-epiglottic folds, 7, 156, 159 

fossa, 8 
sinuses, 8 
Glottis, 164, 167 
Groeppert on cartilages of larynx, 155 

on morphology of cartilages of larynx, 157 
Graafian follicles, 272, 276, 277 
Griffiths (J.) on development of glandular 
tissue of prostate, 271 
on external longitudinal fibres of bladder, 

233 
on nerves of bladder, 234 
on prostate, 269 
Grinders, 32 

Groedel on height of stomach, 84, 85 
Gruber on varieties of parotid gland, 22 

on varieties of submandibular gland, 24 



Gubarofif on cardiac orifice of stomach, 87 
Guinea pig, subserous layer of pleura of, 185 
Gullet, 57 
Gums (gingivse), 5 

Habbnttla csBci, 129 
Haller on nerves of thymus, 327 
on sustentaculum lienis, 116 
on vas aberrans, 248 
Hammar on sinus tonsillaris, 53 

on thymus, 325 
Hard palate (palatum durum), 14, 15 
Hart (Berry) on development of lower third of 
vagina, 294 
on pudendal cleft, 302 
Hassall, concentric corpuscles of, 326 
Hasse on varieties of ovary, 273 
Head of pancreas, 97, 100, 145, 146 
Heller and Schrotter on carina tracheae, 174 
Helm (F.) on height of kidney, 204 
Henke on arrangement of coils of jejuno- 

ileum, 102 
Henle on action of ar3rtenoideus muscle, 164 

on capacity of bladder, 221 
Hepatic artery, 132, 140, 144 
canals, 132 

duct, 132, 140, 144, 145 
flexure, 114, 115, 124, 136, 336, 354, 

355 
lobules aobuU hepatis), 182, 140, 141 
veins, 132, 141 
Hepato -cystic ducts, 145 
Hepato-renal ligament, 336 
Herpin on eruption of teeth before birth, 44, 
Heterodont dentition, 24 
Hett and Butterfield on atrophy of tonsils, 

52, 53 
Hilum of kidney, 209, 212 
of lung, 186, 197 
of ovary, 272, 274, 278, 280, 283 
of spleen, 314 
of suprarenal gland, 327 
His on conus elasticus of crico-thyroid mem> 
brane, 158 
on development of recessus pyriformis, 54 
on foramen bursa omenti majoris, 350 
on foramen caecum of tongue, 10 
on position of ovary, 272, 273 
Hochstetter on varieties of ureter, 221 . 
Homodont dentition, 24 
Horseshoe kidney, 211 
Hour-glass contraction of stomach, 92, 97 

shape of lesser sac, 345, 350 
Hunter on seminal vesicles of elephant, 251 
Huschke on lobuli epididymidis, 244 
Hydatid of Morgagni (appendix testis), 242, 282 
Hymen, 293, 2W 

carunculsB myrtiformes of, 297 
fimbriatus, 297 
Hyo-epiglottic ligament, 156 
Hyparterial branches of bronchus, 174, 198 
Hypochondriac region, 76, 76, 80 
Hypogastric zone, 75, 76, 80 

Ileal folds and kinks, 355 
Ileo-c8Bcal fold (inferior ileo-caecal of Treves), 
114 
fossa, 114 
Deo -colic fold (superior ileo-ceecal of Treves), 
113 
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Deo-oolio fossa, 1 14 

orifice, 111, 112, 113, 127 
valve, 124, 127 
Deum, 97, 101, 102, 103, 343, 356, 367 
blood-vessels of, 107 
diameter of, 102 
diverticulum of (Meckel's), 103 
Biao portion of ascending colon, 360 

region, 75, 76 
nio-lumbar region, 338, 841 
left, 338, 348 
right, 338, 848 
Imperforate anus, 131 

hymen, 297 
Impressio oardiaca, 135 
colica, 136 
duodenalis, 136 
oBSophagea, 134 
renalis, 136 
suprarenalis, 135 
Incisive pad, 15 

Incisor teeth, 24, 25, 27, 28, 36, 40 
Incisura angularis, 89, 91, 94 
oardiaca of lung, 191 

of stomach, 91, 94 
Index, dental, 26 
Infundibula, pulmonary, 196, 197 
Infundibuliform, or int^nal spermatic fascia, 

235, 238, 239 
Infundibulum of uterine tube, 281 
Inguinal canal (canalis inguinalis), 235 
fossse, 334 

lateral, 334 
median, 334 
supravesical, 334 
ligament, 334, 344 
mammae, 311 
Intercrural fascia, 238, 289 
Interlobular plexus of hepatic artery, 140 

of portal veins, 141 
Inter-pleural ligament, 184 
Inter-sigmoid fossa, 361 
Intertubercular plane of Cimningham, 75, 78 
Intestine, large (intestinum crassum), 1, 110 
appendices epiploicsB of, 123- 

124 
blood-vessels of, 129-130 
osecum, 110, 111 
colon 110, 114 
divisions of, 110 
glands of, 131 

haustra of (haustra coli), 125 
length of, 110 
lymphatics of, 130 
mucous membrane of, 125 
muscular coat of, 124 
nerves of, 131 
plicse semilunares of, 125 
position and relations of the 

different parts of, 111 
rectum, 110, 120 
serous coat of, 123 
structure of, 123 
tffiniffi of, 124-125, 359, 360 
vermiform appendix, 110, 118 
smaU (intestinum tenue), 1, 97, 343 
blood-vessels of, 107-108 
divisions of, 97 
duodenum, 97 
glands of, 106-107 
ileum, 97, 101-102 



Intestine small — 

jejunum, 97, 101-102 
length of, 97 
lymphatics of, 108 
. Meckel's diverticulum of, 103 
mesentery of, 101, 335, 337, 343 
mucous membrane of, 104 
muscular coat of, 103 
nerves of, 109 
plicsB oirculares of, 105 
position and relations of the 

several parts of, 97 
serous coat of, 103 
structure of, 103 
submucous coat of, 104 
variations according to age and 

sex, 103 
viUi of, 106 
Intralobular plexuses of hepatic veins, 141 

veins, 141 
Intramural part of ureter, 219 

portion of male urethra, 262 
Intrinsic tongue-muscles, 11 
Isthmus faucium, 1, 51 

of thyroid cartilage, 153, 154 

gland, 318 
of uterine tube, 281 



Jambs and Pitts on eruption of teeth, 45 
Jamieson and Dobson on lymphatics of 

vermiform appendix, 130, 131 
Jaws, changes in, during dentition, 41, 42, 43 
Jejunum and ileum, 97, 101, 102, 274, 334, 343 
arrangement of coils of, 102-103 
blood-vessels of, 107 
Jones (Wood) on development of fundus of 

stomach, 89 
Jonnesco on varieties of peritoneal fossss, 361 
Joucour on parotid duct, 22 



Kallius on development of mammary gland, 
310 
on morphology of cartilages of larynx, 157 
Kanthack on action of posterior crico-aryte- 

noid muscles, 161 
Kazzander on plicse circulares (valvule 

oonniventes), 105 
Keith (A.) on development of fundus of 

stomach, 89 
Kelly and Burden on lymphatics of vermi- 
form appendix, 130 
Kerkring, valves of (valvule conniventes), 105 
Kermauner on parotid duct, 22 
Kerr (A. T.) on varieties of ureter, 221 
Kerr (R. A.) on capacity of pelvis and calyces 

of ureter, 217 
Kidneys (renes), 204, 334, 336, 337 

adipose capsule of (capsula adiposa), 211, 

214, 215 
anterior surface of, 205, 207 
blood-vessels of, 213 
calyces renales majores, 216, 217 

minores, 216 

structure of, 220 
capacity of pelvis and calyces of, 217 
columns of Bertin (columnse renales), 212, 

213 
corpuscles of (corpusculse renis) [Mai- 
pighii], 213 
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Kidneys — 

cortioal substance of, 212 

fascia renalis of, 211 

form of, 205 

glomeruli of, 213 

hilum of, 206, 209, 211, 212 

in mammals, 212 

lateral border of, 205, 209 

lymphatics of, 216 

median border of, 205, 209 

medullary substance of (pyramides 

renales), 212 
nerves of, 216 
pelvis of, 211, 216, 217 

structure of, 220 
position of, 204 
posterior surface of, 205, 206 
relations of, 206 
sinus of, 212 
size and weight of, 211 
structure of, 211 
tubules of (tubuli renales), 213 
tunica fibrosa of, 211 
ureter of, 204, 209, 216, 217 
blood-vessels of, 221 
course and relations of, 218 
dimensions of, 217 
lymphatics of, 221 
nerves of, 221 
structure of, 220 
varieties of, 221 
variations in the height of, 204 

in position of, according to 
age, 209 
varieties of, 211 

of calyces and pelvis of, 217 
KiUian on anatomy of palatine tonsil, 53 
Kink at hepatic flexure, 363 
Kinks, ileal, 355 

Kohlrausch on plic» transversales recti, 126 
Kolliker on position and relations of ovary, 
273 
on structure of testis and epididymis, 243 
EIrause on number of lobules of seminiferous 
tubules, 244 
on physical properties of limgs, 202 
on villi intestinales, 106 
on weight of lungs, 201 
Krause and Clendenning on weight of pancreas, 
146 

Labia majora, 298, 299, 302, 303 

minora, 298, 299, 300, 301, 302, 303 
oris, 3 
Labial glands, 5 

Labium anterius orificii extemi uteri, 285 
inferius, 4 

posterius orificU extemi uteri, 285 
superius, 3 
Lacteals, 105, 108 
Lactiferous ducts, 308 
Lacuna magna, or sinus of Gu^rin, 267 
LacunsB, urethral, 266 
Laminss mediastinales, 184 

of small omentum, 337 
of thyroid cartilage, 153, 154, 167, 
158, 159, 168, 318 
Langendorff on structure of thyroid gland, 

321 
Langley on nerves of bladder, 234 
Large intestine (intestinum crassum), 1, 110. 
See intestine, large 



Laryngeal aperture (aditus laryngis), 53, 54,. 
165 
cartilages (cartilagines laryngis), 
152, 153 
morphology of, 157 
ossification of, 157 
structure of, 156 
part of pharynx, 53 
pouch (appendix ventriculi laryn- 
gis), 165, 168 
Larynx, 152 

aperture of, 53, 54, 164, 165 

in deglutition, 164 
appendices of ventricles of, 168 
articulations of, 159 
aryepiglottic folds of, 166, 167 
blood-vessels of, 170 
cartilages of, 153 

morphology of, 157 
ossification of, 157 
cavity of (cavum laryngis), 164 
conus elasticus of, 158 
dimensions of, 152 
epiglottis, 155 

extrinsic muscles of, 152, 160 
glands of, 170 
glottis, 167 

intrinsic muscles of, 160 
joints of, 158 
ligaments of, 158 
lymphatics of, 170 
mucous glands of, 170 

membrane of, 170 
muscles of, 160 
nerves of, 171 
peculiarities of, according to age and 

sex, 156 
plicae ventriculares of, 167 

vocales of, 152, 159, 167, 170 
position and relations of, 152 
rima glottidis, 164, 167 
ventricles of (ventriculi laryngis), 168 
vestibule of (vestibulum laryngis), 167 
Lateral recess of pharynx (recessus pharyn- 

geus)^ 49 
Lauth on number of lobules of seminiferous 

tubules, 244 
Leopard, subserous layer of pleura of, 185 
Levator ani, 129, 270, 295 

cushion of pharynx, 50 
glandulse thyroidese, 321 
Lewis (F. T.) on pyloric part of stomach in 
the embryo, 89 
on subdivisions of stomach, 87 
Lichtenberg and Volcker on form of bladder, 

224 
Lieberkiihn, crypts of, 106, 125 
Iden, 312 
Idenculi, 315 

Ligament or ligaments, anterior, of thyroid 

gland, 319 
of uterus, 288 
of bladder, 224, 225 
broad, of uterus, 289, 336, 344 
cerato-cricoid, 159 
coronary, 189, 336, 338, 339 
costo-colic, 116, 336 
crico-arytenoid, 159 
epiglottic, 159 
falciform, 133, 134, 138, 139, 334, 336, 

338, 340 
gastro -pancreatic, 73, 351 
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Ligament or ligaments — ' 

gastro-phrenic, 886, 351 

gastro-splenic, 73, 815, 317, 336, 352 

glosBO-epiglottic, 159 

hepato-renal, 336 

hyo-epiglottic, 159 

hyo-thyroid, 158 

inguinal (Poupart's), 68, 75, 111, 117, 
235, 334, 335 

inter -pleural, 184 

of larynx, 158 

lateral, of thyroid gland, 319 

lieno-renal, 815, 341, 352 

of Hver, 138, 336 

of ovary, 275, 289 

of penis, 255 

recto-vaginal, 288 

round, of liver, 138 
of uterus, 288 

suspensory, of clitoris, 300 
of diaphragm, 180 

thyro-arytenoid, 158 

thyro-epiglottic, 155, 159 

thjrro-hyoid, 159 

triangular, left, 139, 336, 338 
right, 189, 338, 340 

utero-sacral, 286 

of uterus, 288 

vocal, 159, 167 

ventricular, 159 
lagamentum-ligamcnta, fundiforme penis, 255 

gastro-Uenale, 73, 91 

hyo-thyroideum laterale, 158 

medium, 158 

latum uteri, 289 

ovarii proprium, 289 

phrenicooolicum, 73, 116, 336, 341 

pulmonale, 180, 192 

suspensorium ovarii, 274 

penis, 255, 256, 267 

teretes uteri, 288 

umbilicale laterale, 225, 226, 334 

vocale, 159, 167 

ventriculares, 159 
Line, oblique of thyroid cartilage, 154 
linea alba, 63, 228 

semilunaris of recti musdes, 63 
linesB transversse of recti muscles, 63 
Lingual duct (ductus lingualis), 10 

glands, 10 

anterior, 10 

muscles, extrinsic, 11 
intrinsic, 11 

inferior longitudinal, 12 
superior longitudinal, 11 
transverse fibres, 12 
vertical, 12 

tonsils (tonsilla lingualis), 7, 55 
Lingula of left lung, 191, 193 
Lion, subserous layer of pleura of, 185 
Lips (labia oris), 3 

blood-vessels of, 5 

labium inferius, 4 
superius, 3 

lymphatics of, 6 

mucous membrane of, 5 

muscular fibres of, 5 

nerves of, 6 

philtrum of, 4 

sulcus mento-labialis of, 4 
naso-labial of, 3 



Littr^, glands of, 266 
Liver (hepar), 1, 182 

anterior surface of, 188, 137, 138 

areolar coat of, 132 

bile-passages of, 144 

blood-vessels of, 140 

capsule of Glisson, 132 

common bile-duct of, 145 

coronary ligament of, 189, 336, 338, 339 

cystic duct of, 145 

dimensions of, 143 

falciform ligament of, 188, 139, 334, 336, 
338, 340 

fissures of, 133 

form of, 132 

gall-bladder, 145 

hepatic canals of, 132 
duct of, 144 

of infant, 144 

inferior (visceral) surface of, 133 

left triangular ligament of, 189, 336, 338 

ligaments of, 188, 336, 338, 340, 341 

lobes of, 133 

lobus caudatus [SpigeliiJ , 184, 140, 345 

lymphatics of, 141 

morphology of, 139 

nerves of, 143 

omentum of, 139 

parietal surfaces of, 133 

posterior surface of, 134 

portal canals of, 132 

position of, 136 

processus caudatus, 185, 140 
papillans, 135 

quadrate lobe of, 133, 136 

right surface of, 186, 137, 138 

right triangular ligament of, 189, 338, 340 

serous coat of, 132 

under surface of, 135 

upper surface of, 135 

varieties of, 144 
Lobe or lobus, accessory of lung, 191 

caudatus, of liver, 133, 140 

hepatis dexter, 133 
sinister, 133 

of livor, 133 

of lung, 187-189 

of mammary gland (lobi mammae), 307 

of prostate gland, 269 

pyramidal, of thjrroid gland, 318 

quadratus, of liver, 133, 136 

Spigelian, 184, 140 

of thymus gland, 824, 326 
Lobular bronchioles, 196 
Lobules, of fetal kidney, 213 

hepatic (lobuli hepatis), 132, 140, 141 

of mammary gland (lobuli mammae), 308 

of testis, 243, 244 

of thymus, 325 
Lobus impar, 191 

pyramidalis, 318, 320 
Lockwood on length of jejunum, 101 
Lov^n on Ijrmphatics of stomach, 96 
Ludwig on renal arteries, 215 
Ludwig and Zawarykin on lymphatics of 

kidney, 216 
Lungs (pulmones), 152, 178, 185 

air-capacity of, 202 

alveoli or air-cells of, 196 

apex of, 185, 186 

base of, 185 
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LangSy blood-vessels of, 197 

bronchial vessels of, 198 

bronchioles of, 196 

costal surface of, 185, 186 

differences between the two lungs, 191 

dimensions of, 202 

distribution of bronchi in, 192 

fissures and lobes of, 187 

hilum of, 186 

incisura cardiaca of, 191 

lingula of, 191 

lymphatics of, 200 

mediastinal surface of, 185, 186 

nerves of, 201 

physical properties of, 202 

relations of, 186 

root of, 178. 180, 192 

constituent parts of, 192 
level of, 192 
relations of, 192 

shape of, 185 

varieties of, 191 

weight of, 201 
Luschka, cartilage of, 163 

on labia minora, 300 

on reflexion of pleur», 181, 182, 183 

on urachus, 2^8 

on vas aberrans, 249 
Luschka and Henle on capacity of bladder, 

221 
L3rmphatics : 

of bladder, 234 

of bronchi, 176 

of cheeks and lips, 6 

of kidney, 216 

of large intestine, 130 

of larynx, 170 

of liver, 141 

of lungs, 200 

of mammary gland, 309 

of Gdsophagus, 61 

of ovary, 278 

of palate, 16 

of pancreas, 151 

of parotid gland, 22 

of penis, 260 

of pharynx, 55 

of pleura, 185 

of prostate, 271 

of rectum and anal canal, 131 

of scrotum, 241 

of small intestine, 108 

of spleen, 318 

of stomach, 96 

of submandibular gland, 23 

of sublingual gland, 24 

of suprarenal glands, 331 

of teeth, 36 

of testis and its ducts, 253 

of thymus, 326 

of thyroid, 322 

of tongue, 14 

of tonsil, 53 

of trachea, 176 

of ureter, 221 
of uterine tube, 283 
of uterus, 291 
of vagina, 296 
of vulva, 303 
Lymphoid follicles of small intestine, 107 

of tongue, 7, 10 



Lymphoid foUiclee of tonsil, 53 

of trachea, 176 
nodules of large intestine, 125 
of lungs, 200 
of small intestine, 107 

McCk>BMAGK on epiglottis in swallowing, 166 
Macula flava, 163 

Mall on arrangement of coils of jejuno-ileiun, 
103 
on blood-vessels of liver, 141 
Malpighi, corpuscles of (noduli lymphatici 
Uenalis), 317 
glomeruli of (corpusculsB renis), 213 
pyramids of (pyramides renales), 212 
Mammse, 303 

erraticse, 311 
Mammals, csBcum of, 113 
kidney of, 212 
laryngeal aperture of, 155 
number of dentitions of, 46 
typical dentition of, 24 
Mammary glands (mammae), 303 

ampullffi or sinus lactiferi of, 308 
areola of, 305, 308 

sudoriferous glands of, 306 
blood-vessels of, 309 
development of, 310 
lactiferous ducts of, 308 
lobes of (lobi mammse), 307 
lymphatics of, 309 
of male, 309 
morphology of, 310 
nerves of, 309 
papilla or nipple of, 304 
in pregnancy, 305 
in the virgin, 306 
structure of, 305-306 
shape and position o^ 304 
stroma of, 306 
structure of, 306 
supernumerary, 311 
varieties of, 310 
Maresch on pyramids of kidney, 213 
Margo lateralis of uterus, 285 
liber of ovary, 272 
mesovaricus of ovary, 272 
Marshall on variations of thyroid gland, 321 
Marsupials, mammary gland of, 310 

rudimentary teeth of, 46 
Meckel's diverticulum, 103 
Mediastinal pleura, 179, 184 
space, 176, 184 

surface of lung (facies mediasti- 
nalis), 185, 186 
Mediastinum (septum modiastinale), 176 
anterior, 176, 177 
middle, 176, 178 
posterior, 176, 178 
superior, 176, 177 
testis, 243, 244 
thoracis, 176 
Medulla of thymus follicles, 325, 326 
Medullary part of muscle-substance of tongue, 
14 
rays, 212 

substance of kidney (pyramides 

renales), 212 
of suprarenal gland, 329 
Megadont races, 26 
Membrana quadrangularis, 159 
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Membrane, orico-thyroid, 158 
of Nasmyth, 44 
thyro-hyoid, 159 
Membranous portion of urethra, 262, 265 
Menstruation, uterus during, 290 
Meroier's bar, 228, 229 
Mesenteric border of small intestine, 103 
Mesentery (mesenterium commune), 73, 101, 
102, 103, 334, 335, 337 
of the testicle, 73 

of the uterus, uterine tube, and ovary, 73 
Meso-appendix, 73, 118 
Meso-colon, 73 

descending, 117, 335 
iliac, 117 

pelvic, 118, 120, 341, 335, 344 
transverse, 100, 115, 124, 334, 337 
Mesodont races, 26 
Meso-gastrium, 73, 337 
Meso-metrium, 73, 289 
Mesonephron, 211 
Mesorchium, 239 
Mesosalpinx, 73, 280, 289 
Mesovarium, 73, 289 
Microdont races, 26 

Milk-glands in polymastio mammals, 311 
of Echidna, 310 
of Omithorhynchus, 310 
Milk-Une, 310, 311 
Milk-teeth, 24, 25, 35, 37 

period of eruption of, 44 
Miller on arrangement of bronchial blood- 
vessels, 200 
on division of bronchioles, 196 
Mills (W. M.) on supernumerary kidney, 211 
Molar glands, 5 

teeth, 24, 25, 27, 82, 36, 37, 39, 41, 43 
Mole, development of mamross of, 311 
Mongolians, dental index of, 26 
Mons pubis, 288, 299 
Morgagni, hydatid of, 242, 282 
Morphology of cartilages of larynx, 157 

of the lobes, fissures, and peri- 
toneal folds of liver, 139 
of mammary gland, 310 
of thyroid gland, 320 
Morsus diaboli, 282 
Mouth (cavum oris), 1 

fauces of (isthmus fauoium), 1, 61 
floor of, 3 

inner portion of (cavimi oris proprium), 2 
parts of, 2 

transverse apertm*e of (rima oris), 1 
vestibule of (vestibulum oris), 2 
Movable kidney, 211 
Muco-cutaneous membrane of lips, 5 
Mucous follicles of pudendal cleft, 303 
glands of lips and cheeks, 3 
of pharynx, 55 
of trachea, 175 
membrane of anal canal, 129 
of bladder, 233 
of cheek, 6 

of ductus deferens, 247 
of ductus ejaculatorii, 252 
of gums, 5 
of hard palate, 15 
of hymen femininus, 297 
of large intestine, 125, 131 
of lips, 6 
of larynx, 170 



Maooufl membrane — 

of mouth, 2, 3 

of Gssophagus, 61 

of pharynx, 54, 56 

of pudendal cleft, 302, 303 

of rectum, 127, 129 

of seminal vesicles, 251 

of small intestine, 104 

of soft palate, 16 

of stomach, 94 

of tongue, 6, 10 

of trachea, 175 

of tubus digestorius, 56 

of ureter, 220 

of urethra, female, 297 

male, 260, 266 
of urethral wall, 298 
of uterine tube, 282 
of uterus, 289, 290 
of utricle, 265 
of vagina, 295 
MiiUerian duct, 234, 235, 265, 271, 291, 294, 

296, 298 
Multicuspidate teeth, 33 
Mummery on nerves of teeth, 36 
Muscle or muscles, aryepiglottio, 160, 164 
arytenoid, 160, 164 
arytenoideus, 164 
cerato-cricoid, 161 
cremaster, 239 
orico-ar3rtenoid, lateral, 160, 162 

posterior, 160, 161 
crico -thyroid, 160, 161 
of larynx, 160 

lingual, 11. See lingual muscles 
recto-coccygeal, 125 
thyro-arytenoid, 160, 162 
Muscular bands or tsBnia, of colon, 116, 124^ 
125, 359, 360 
coat of anal canal, 125, 129 
of bladder, 231-2331 
of large intestine, 124 
of oesophagus, 59-60 
of rectum, 125, 129 
of small intestine, 103 
of stomach, 92 | 
of tubus digestorius, 56 
of uterus, 289-290 
fibres of bronchial tubes, 196 
of kidney, 211 
of pleura of guinea-pig, 185 
of urethra, 262, 266, 266 
of urethral canal, 260 
tissue of prostate, 270 
of spleen, 316 
of trachea, 174 
process of arytenoid cartilage (pro- 
cessus muscularis), 156 
substance of tongue, 1 1 
tunic, inner, of testis, 243 
Muscularis mucosae, of oesophagus, 61 

of small intestine, 105 
Musculi pubo-vesicales, 233 
Musculus suspensorius duodeni. Id, 361, 362 

vocalis, 162 
Myometrium, 289 



Naboth, ovules of (ovula Nabothi), 290 
Nagel on function of seminal vesicles, 251 
Narath on distribution of the bronchi, 193, 194 
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Nares, posterior, 47 

Nasal part of pharynx (pars nasalis pharyngis), 
47 
lateral recess of (reoessus pharyngeus 
[Rosenmuelleri] ), 49, 60 
Nasmyth's membrane, 44 
Naso-palatine foramina, 15 
Naso-pharynx, 47 
Neck of bladder, 223 

gall-bladder, 145 
pancreas, 146, 147 
tooth, 26, 36 
uterine tube, 281 

uterus (cervix uteri), 219, 285, 286, 
289, 290, 291, 292 
Nerres of anal canal, 131 
bladder, 234 
bronchi, 176 
bronchial tubes, 201 
cheek and lips, 6 
colon, 131 
female urethra, 298 
gall-bladder, 145 
kidney, 216 
larynx, 171 
liver, 143 
lungs, 201 

mammary gland, 309 
oesophagus, 62 
ovary, 280 
palate, 17 
pancreas, 151 
penis, 260 
pharynx, 56 
pleura, 185 
prostate, 271 
rectum, 131 

salivary glands, parotid, 22 
sublingual, 24 
submandibular, 23 
scrotum, 241 
seminal vesicles, 251 
small intestine, 109 
spleen, 318 
stomach, 96 
suprarenal glands, 331 
teeth, 36 
testis, 253 
thymus, 327 
thyroid, 323 
tongue, 14 
tonsil, 53 
trachea, 176 
ureter, 221 
uterine tube, 283 
uterus, 292 
vagina, 296 
vulva, 303 
Neugebauer on supernumerary mammary 

gland, 311 
Nicolas on morphology of cartilages of larynx, 

157 
Nipple (papilla mammae), 304, 305-806, 308, 

309, 310, 311 
NoduH lymphaticii aggregati, 107 

Uenalis, 317 

solitarii, 107 

Notch — notches of spleen, 315 

thyroid, 154 

umbilical (incisura umbili- 
calls), 133, 134 



Nuck, canal of, 240, 289 
Nymphffi, 299 



Oblique line of thyroid cartilage, 154 
Ochsner on circular layer of fibres in 

duodenum, 103 
(Esophageal glands, 61 

impression of liver (impreesio 
cesophagea), 134 
of lung, 186 
opening, 82, 134, 336 
CEsophagus, 1, 67, 81, 87, 88, 134, 186, 336, 
337 
blood-vessels of, 61 
dimensions of, 57 
durection of, 58 
diverticula of, 62 
divisional parts of, 57 
glands of, 61 
lymphatics of, 61 
nerves of, 62 
relations of, 58 
structure of, 59 

variations of, according to age, 62 
varieties of, 62 
Omenta, 73, 836 

Omental bursa (bursa omentalis), 345 
sac, 135, 139 

tuberosity of liver (tuber omentale), 

135 
of pancreas (tuber 
omentale), 147 
Omentum, bag of, 336 
of fetus, 337 
gastro -hepatic, 345 
gastrosplenic, 73, 337, 352 
great, 73, 887, 345, 355 
lesser, 135, 136, 139, 145, 345 
small, 73, 887 
Oral part of pharynx (pars oralis pharyngis), 

47,61 
Organ or organs, of digestion, 1 
genital, 204, 284, 271 
of female, 271 
of male, 235 
of Girald^. See paradidymis, 249 
of respiration, 1, l52 
of Rosenmiiller. See epoophoron, 280 
urinary, 204, 234 
of voice, 152 
Organa genitalia, 234 

muliebria, 271 
virilia, 235 
uropoStica, 204 
Orifice, cardiac, 82, 87 

of common bile and pancreatic ducts, 

106, 145, 149 
of Eustachian (auditory) tube, 49, 55 
ileocolic. Ill, 112, 113, 127 
pyloric, 82, 88 
ureteric, of bladder, 228, 229 
urethral, of bladder, 228, 229 

external (orificium ure- 
thrse externum) 253, 
294, 297, 302 
of uterine tube, 281 

of uterus (orificium externum uteri), 
285 

(orificium internum uteri), 287 
of vagina, 295, 302 
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Omithorhynchus, milk -glands of, 310 

thyroid cartilage of, 157 
Ossifioation of laryngeal cartilages, 157 
Ostlom abdominale, 73, 281 
Otis on piicsB transversales recti, 126 
Ovarian fimbria, 274, 282 

fossa (fossa ovarioa), 274 

ligament, 275, 289 

plexus of veins, 278 
Ovary, 271, 272, 280, 283, 289 

blood-vessels of, 278 

corpora albicantia of, 276 

corpus luteum of, 276 

descent of, 277 

Graafian follicles of (folliculi oophori), 272, 
276, 277 

ligaments of (ligamentum ovarii pro- 

prium), 289 
(ligamentum suspensorium 
ovarii)* 274 

lymphatics of, 278 

nerves of, 280 

peculiarities of, according to age, 276 

position of, 272 

relations of, 273 

shape of, 272 

size of, 272 

structure of, 275 

varieties of, 277 
Oviducts, 280 
Ovula Nabothi, 290 
Oz, spleen of, 316 



Pacinian corpuscles, 131, 310 
Pad, incisive, 15 
Palatal rugsa, 15 
Palate (palatum), 14 
blood-vessels of, 16 
hard (palatum durum), 15 
mucous membrane of, 15 
papilla palatina of, 15 
rugse of, 15 
lymphatics of, 16 
nerves of, 17 
raphe of, 15, 16 
shape of, 14 

soft (palatum molle or velum palatinum), 
16,47 
structure of, 16 
Palatine arches (arcus palato-glossus and 
arcus palato-pharyngeus), 51 
folds, 15 
Pallin (6.) on variations of seminal vesicles, 

251 
Pampiniform plexus, 241, 252 
Pancreas, 1, 99, 146, 351 
accessory, 150 
anterior border of, 148, 337 

surface of, 147 
blood-vessels of, 151 
body of, 146, 147 
development of, 150 
du6ts of, 149 

head of, 97, 100, 145, 146, 352 
inferior surface of, 148, 337 
lesser, 150 
lymphatics of, 151 
neck of, 146, 147 
nerves of, 151 
posterior surface of, 147, 148 



Pancreas, peculiarities of, in the infant, 151 

shape of, 146 

size of, 146 

structure of, 151 

superior border of, 148 

tail of, 146, 147, 148, 314 

varieties of, 150 

weight of, 146 
Pancreatic duct (ductus pancreaticus), 98, 100, 
145, 140, 150 

accessory (ductus accessorius), 106, 149- 
150 
Pancreatico -duodenal vessels, 107, 146, 161 
Papilla or papillsB, of cervix uteri, 290 

conical, 8, 9, 10 

dental, 37, 38 

duodeni, 106 

filiform, 9, 10 

foliata, of rabbit, 10 

foliate, 8, 10 

fungiform, 8, 9 

of glans penis, 255 

of kidney (papiUss renales), 212, 213, 216 

of labial mucous membrane, 4 

mammae, 304 

structure of, 305 

of nipple, 306 

palatina, 15 

of tongue, 8-10 
secondary, 8, 9 

of vaginal mucous membrane, 295 

vallate, 8 
Paradidymis (organ of Giraldds), 249 
Para-coUc fossse, 354 

formation of, 357 
Para-duodenal fossa, 361, 862 
Paraganglia or chromaphU bodies, 312, 881 
Parathyroid glands (glandulse parathyroidese), 
312, ^3 

arterial supply of, 324 

colour of, 323 

form of, 323 

number of, 323 

position of, 323 

size of, 323 

structure of, 323 

weight of, 323 
Para-urethral ducts, 298 
Parenchyma-cells of thyroid, 321 
Parietal portion of ureter, in the female, 219 

in the male, 219 
Paroophoron, 280 
Parotid gland (glandula parotis), 17 

accessory (glandula parotis accessoria), 
18, 22 

blood-vessels of, 22 

capsule of, 21 

dimensions of, 17 

duct of (Stensen's), 21-22 

lymphatics of, 22 

nerves of, 22 

surfaces of, 17 

antero-median, 19 
postero-median, 18 
subcutaneous or lateral, 17 
Parovarium (organ of Rosenmiiller), 280 
Pars or part, abdominal, of oesophagus, 57 

analis recti, 122 

cardiaca of stomach, 89 

cervical of oesophagus, 57, 58 

diaphragmatic of oesophagus, 57 
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Pan or part, intercartilaginea of rima glottidis, 
164, 167 
intermedia of bulb of vestibule, 300, 301, 

302 
intennembranacea of rima glottidis, 164, 

167 
laryngeal of pharynx, 47, 53 
nasal of pharynx, 47 
oral of pharynx, 47, 51 
pylorica of stomach, 89 
- radiata of kidney, 212 
thoracic of (esophagus, 57, 59 
Parsons on the attachment of inferior longi- 
tudinal muscle of tongue, 12 
on variations of csecum, 112 
on variations of spleen, 315 
Parturition, uterus after, 290 
Pavilion of uterine tube, 282 
Pectiniform septum of penis, 256 

of clitoris, 300 
Pectoral mammse, 311 

Pelvic colon, 110, 118, 120, 125, 274, 336, 344, 
363 
meso-colon, 118, 120, 335, 341, 344 
portion of abdomino-pielvic cavity 
(cavum pelvis), 63 
of ureter, 218, 219 
of male urethra, 262 
Pelvis, renal, 216, 217 
capacity of, 217 
varieties of, 217 
Penile portion of male urethra, 253, 259, 260, 262 
Penis, 235, 258, 260, 268 

balano-preputial space of, 253 
blood-vessels of, 257, 258, 259, 260 
bulbus urethrse of, 259, 266 
oolliculus bulbi of, 259 
coUum glandis of, 253 
corona glandis of, 253 
corpora cavernosa of, 253, 256 

structure of, 256 
corpus cavernosum glandis of, 260 

urethrsB of, 253, 259, 
260 
structure of, 260 
crura of, 258, 257, 269 
dorsum of, 253, 256, 256 
frenulum prseputii of, 253 
^ans of, 253, 255, 259 
Hgamentum fundiforme of, 255 

suspensorium of, 255, 256 
lymphatics of, 260 
nerves of, 260 
orificium praeputii, 263 
prspputium, 253 

annulus prseputialis maris of, 253 
root of, 253 

bulbs of corpora cavernosa of, 256 
septum of, 266, 257 
tunica albuginea of, 257 

helicino arteries of, 257, 258 
trabeculsB of, 257 
variations of, 267 
Pericardial pleura, 184 
Perineal body, 123 

portion of male urethra, 262 
Periosteum, alveolar, 27 
Peritoneal cavity (cavum peritonaei), 338 
subdivisions of, 338 
coat of bladder. 231 
fossse, 114, 334, 860 



Peritoneum, 73, 384 

abnormal arrangement of, 363 
applied anatomy of, 365 
development of, 73 
duodenal fossse of, 100, 361, 862 
duodeno-jejuual fossa of, 361, 862 
folds of, 73, 334 
fosssB of, 114, 334, 360 
foramen bursa omenti majoris of, 346, 
850 
epiploicum of [Winslowi], 336, 
337, 340, 845 
great omentum of, 73, 887 

sac of (cavum peritonsai), 338 

ilio-lumbar region of, 338, 841 
pelvic region of, 338, 844 
subdivisions of, 338 
sub-phrenic region of, 338 
ileal folds and kinks of, 355 
in the fetus, 337, 343 
inguinal foss® of, 334 
lesser sac of (bursa omentalis), 336, 845 
bursa omenti majoris of, 346, Si52 
gastric recess of, 352 
inferior chamber of, 345 
superior chamber of (bursa omenti 
minoris), 346 
middle recess of, 346, 347 
superior recess of, 134, 846 
vestibule of, 346 
ligaments of, 73, 886 
median para-colic fossse of, 354 

formation of, 357 
mesenteries of, 73, 101, 334, 337 
omenta of, 73, 886 

movements of, 367 
paraduodenal fossa of, 361, 862 
para-rectal pouch of, 121 
parietal, 78, 111 
parieto-colic folds of, 354 
pouch of Douglas of (excavatio recto- 

uterina), 122, 288, 294, 344 
processus vaginalis of, 239, 289 
recto-genital pouch of, 226 
recto-vesical pouch of, 121, 250, 335, 345 
relation of, to bladder, 226, 226, 227, 
288, 335, 344 
to csecum and vermiform appendix, 

111,113,334,343 
to colon, 116, 116, 117, 334, 335, 336, 

337, 343, 344 
to duodenum, 99, 100, 334, 336, 338, 

341 343 
to gall-bladder, 145, 336 
to jejunum and ileum, 101, 102, 334 
to kidney, 207, 208, 334, 336, 337, 338 
to liver. 135, 139, 336, 337, 338, 340, 

341 
to cesophagus, 59, 336 
to pancreas, 148, 337, 338, 341, 343 
to rectum, 121, 122, 335, 344 
to spleen, 315, 338, 341 
to stomach, 73, 89, 90, 336, 337, 338, 

341 
to suprarenal glands, 327, 338 
to uterus, 286, 288, 335, 336, 344 
to vagina, 288, 294 
sacro -genital fold of, 226 
sensibility of, 367 
small omentum, 73, 135, 139. 837 
utero-rectal pouch of, 288, 344 
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Peritoneum, utero-vesical pouch of, 336, 344 

visceral, 73 
Permanent teeth, 24, 25, 28, 40, 42, 44 
PetioluB epiglottidis, 159 
Peyer's glands, 107 
patch, 107 
Pharyngeal aponeurosis, 54 
diverticula, 56 
tonsil, 50 
Pharynx, 47, 152 

arcus pharyngo-palatinus of, 50 

blood-vessels of, 55 

bursa of (Luschka's pouch), 51 

choansB of (posterior nares), 47 

dimensions of, 47 

extent of, 47 

fascia, buooo-pharyngeal, of, 54 

fossa, supra-tonsillaris of, 52, 53 

laryngeal part of (pars laryngea pha- 

ryngis), 47, 58 
lateral recess of (recessus pharyngeus) 

[RosenmueUeri], 49 
lymphatics of, 55 
lymphoid tissue of, 53, 55 
mucous membrane of, 54, 55 
nasal part of (pars nasalis pharyngis), 

47, 55 
nerves of, 56 
openings into, 47 
oral part of (pars oralis pharyngis), 47, 

51 
orifice of tuba auditiva of, 49 

cushion of, 49 
parts of, 47 

peculiarities of, according to age, 56 
plica salpingo-pharyngea of, 50 
supra-tonsillaris of, 52 
triangularis of, 52 
recessus pynformis of, 53 
sinus tondUaris of, 52 

development of, 53 
structure of, 54 

tonsils of, lingual (tonsilla lingualis), 7, 55 
palatine (tonsillse palatinse), 51, 55 
capsule of, 52 
blood-vessels of, 53 
development of, 63 
lymphatics of, 53 
nerves of, 53 
pharyngeal (tonsilla pharyngea), 60, 
55 
tubtB auditivse of (Eustachian tubes), 47 
varieties of, 56 
vault of, 50 
Philtrum, 4 

Phrenico-colic ligament, 116, 336, 338, 341 
Pig, spleen of, 316 
Piquard on absence of vermiform appendix, 

113 
Pleurae, 152, 176, 178 
blood-vessels of, 185 
cervical (pleura cervicalis), 179, 184 
costal (pleura costalis), 179, 180, 185 
diaphragmatic (pleura diaphragmatica), 

179, 185 
laminae mediastinalis of, 184 
ligamentum pulmonale of, 180, 192 
lymphatics of, 185 
mediastinal, 184 
nerves of, 185 
parietal portion of, 179, 180, 185 
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Pleui89, pericardial portion of (pleura peri- 
cardiaca), 184 
pulmonalis, 178, 185 
relations of, 180 
sinus costo-mediastinalis, 185 
phienico-costalis, 185 
pleurae, 185 
structure of, 185 
visceral portion of, 178, 180, 185 
Plexus, hypogastric, 131, 253, 296 
inferior, 292 
mesenteric, 109, 110, 131 
myentericus, 97, 104 
pampiniform (venous), 241, 252 
pulmonary, 201 
submucosus, 97, 104 
sub-ovaricus (lymphatic), 278 
spermatic (venous), 241 
Plica or plicae, aryepig^ottica, 155, 167 
circulares, 105, 106, 107 
duodeno-jejunalis, 101, 861 
epigastrioa, 334 
fimbriata, 6 

glosso-epiglottic, 156, 159 
longitudinalis duodeni, 106 
palmatae, 287 
salpingo-pharyngea, 50 
semilunares coli, 125 
supra-tonsillaris, 52 
transversales recti, 126 
triangularis, 52 
umbilicaUs lateralis, 334 

media, 334 
ureterica, 228 
ventriculares, 159, 167 
vocales, 152, 159, 167, 170 
Poirier on lymphatics of ovary, 278 
Polymastic mammals, 311 
Polyphyodont dentition, 46 
Pomum Adami, 153, 156 
Porta hepatis, 132, 188, 135, 139, 336, 337 
Portal canals, 132 

fissure (porta hepatis), 188, 135 
vein, 140, 141 
Porter on level of great curvature of stomachy 
85 
on level of pylorus, 88 
Portio ary-vooalis, 163 

supra-vaginalis, 285 
vaginalis, 285 
Posterior nares, 47 
Post-nasal space, 47 

Pouch, of Douglas (excavatio recto-uterina), 
122, 288, 294, 344 
ileo-caecal, 115 
of Luschka, 51 
para-rectal, 121 
recto-genital, 226 
recto-uterine, 275, 336 
recto-vesical, 121, 250, 335, 345 
retro-caecal. 111 
utero-rectal, 288, 344 
utero-vesicai, 336, 344 
Pouches, laryngeal (appendices of ventricles), 
168 
peritoneal, 100, 114, 360 
Praecordial dullness, area of, 191 
Pregnancy, uterus during, 290 
Prehistoric man, teeth of, 35 
Premolar teeth, 24, 26, 27, 82, 35, 36, 37, 40, 
45 

CC 



386 



INDEX 



Prepuoe (pr»putium) of penis, 258, 255, 301 

of clitoris, 301, 303 
Pre-tracheal lymph glands, 176 
Primates, appendix of, 113 

processus pyramidalis of, 140 
Process, alveolar, of jaws, 2, 41, 42, 43 
Processus oaudatus, 135 

muscularis, of arytenoid cartilage, 

155 
papillaris, 135 

vaginalis peritonsai, 239, 289 
vocalis, of arytenoid cartilage, 155 
Prominentia laryngea, 153 
Plrostate, 235, 268 

anterior surface of, 269 
apex of, 269 
base of, 269 
blood-vessels of, 271 
capsule of, 270 
ducts of, 269 
glandular part of, 270 
lateral lobes of, 269 
lymphatics of, 271 
middle lobe of, 269 
nerves of, 271 

peculiarities of, according to age, 271 
posterior surface of, 269 
secretion of, 271 
sheath of, 270 
size and weight of, 270 
structure of, 270 
Prostatic portion of urethra, 262, 268 
sinus, 265 
utricle, 265, 270 
Pseud-arteri® rectsB, 214 
Pudendal cleft, 271, 301, 802 

mammse, 311 
Pudendum, 298 
Pulmonary blood-vessels, 197-198 

pleura (pleura pulmonalis), 178, 185 
plexus, 201 
Pulp, splenic, 816, 317, 318 
Pulp-cavity of teeth (cavum dentis), 28, 35, 

36, 38, 99 
Purser on varieties of gall-bladder, 145 
Pyloric antrum, 89 
canal, 89, 94 
orifice, 82 

part of stomach, 89, 92, 94 
sphincter, 94 
vestibule, 89 • 
Pylorus, 88, .91, 92, 94, 147 
I^amidal lobe (lobus pyramidalis) of thyroid 

gland, 818, 320, 321 
P^amids (pyramides ronales) [Malpighii], 
212, 213 



Quadrate lobe (lobus quadratus) of liver, 
133, 136 



Rabbit, development of mammse of, 310 
innervation of trachea of, 176 
kidney of, 212 
papilla foliata of, 10 

Ramification of bronchi, 192 

Raphe of palate, 15, 16 
of scrotum, 238 

Rauber on villi intestinales, 106 

Rays, medullary (pars radiata), of kidney, 212 



Recess, gastric, 352 

lateral, of pharynx, 49 
Recessus medius, 346, 847, 351 

phaiyngeus [Rosenmuelleri], 49 
pneumo-enterious dexter, 59 
pyriformis, 53 
Recto-coccygeal muscles, 125 
Recto-genit^ folds, 227 

pouch, 226 
Recto-uterine fold (excavatio recto-uterina), 

288, 294, 336 
Recto-vaginal ligament, 288 
Recto-vesioal pouch, 121, 335, 345 
Rectum, 110, 120 

ampulla of, 121 • 
anid canal, 122 

anterior relations of, 123 
length of, 123 
muscles of, 129 
structure of, 129 
blood-vessels of, 130 
length of, 120 
lymphatics of, 131 
mucous membrane of, 127 
nerves of, 131 
plicffi trans versales of, 126 
relations of, 121 
variations in, 131 
Regions of abdomen, 74-76, 76, 77, 80 
Reid on weight of liver, 143 
Remak on nerves of the lung, 201 
Renal corpuscles (corpusculie renis) [Mal- 
pighii], 213 
surface of spleen, 314 
tubules (tubuli renales), 213 
Reserve cells of thyroid gland, 321 
Respiratory bronchioles, 196 

system (apparatus respiratorius), 
152 
Rete testis, 244 

Retinacula of ileo-colic valve, 127 
Retro-csBcal fossse, 114 
Retro-colic fossse, 114 
Retro-duodenal fossa, 361, 862 
Retzius on palatal rugse, 15 
Rex on blood-supply for liver, 140 
Ribbert on lumen of vermiform appendix, 113 
Rima glottidis, 160, 162, 164, 167, 168, 169 
oris, 1 

pudenda, 299, 302 
Rivinus, ducts of, 24 
Rodentia, testes of, 240 
Rolleston on suprarenal gland, 328, 330 
Rolssen on average length of small intestine, 103 
Root of lung, 178, 186, 192 

of teeth, 26, 27, 30, 31, 32, 33 
of tongue, 6 
R5se on second upper molar, 33 
Rosenmtiller, recess of (recessus pharyngeus), 
49, 50 
organ of (epoophoron), 280 
Round ligament of uterus (ligamenta teretes 

uteri), 288 
Rugse of bhidder, 228 

of hard palate (palatal J*ugse), 15 
of oesophagus, 61 
of scrotum, 238 
of stomach, 94 
of uterus, 287 
of vagina, 295 
Ruge on processus p3nramidalis in Primatee, 140 
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Sac, dental, 37 

Sacculated bladder, 233 

Sacculi of large intestine, 125, 126 

of rectum, 127 
Sacculus, vesical, 233 
Sacro-genital fold, 226, 345 
Saliva, 17 

Salivary glands (glandulsa salivales), 1, 17 
parotid (glandula parotis), 17 
sublingual (glandula sublingualis), 24 
submandibular (glandula submandibu- 
laris), 22 
Salpingo-palatine fold (plica salpingo-pha- 

ryngea), 60 
Sandstrom on parath3rroid glands, 324 
Santorini, cartilages of, 155 
duct of, 149 

on thyro-arytenoid muscles, 164 
Sappey on dimensions of larynx, 152 

on thymus gland, 324 
Schaffer on ducts of Brunner's glands, 107 

on variations of oesophagus, 62 
Sohulte on sublingual gland, 24 
Schultze (0.) on development of mammary 

gland of various mammals, 310 
Schwalbe (6.) on abdominal part of ureter, 

218 
Scrotum, 235 

blood-vessels of, 240 
dartos tunic of, 239 
lymphatics of, 241 
nerves of, 241 
raphe of, 238 
septum of, 239 
skin of, 238 
Seal, subserous layer of pleura of, 185 
Seminal ducts, common (ductus ejaculatorii), 
246, 252, 265, 269 
vesicles (vesiculsB seminales), 249, 
250, 251 
Seminiferous tubules (tubuli seminiferi), 243- 

244 
Septum pectiniforme of clitoris, 300 

of penis, 256 
scroti, 239 
of tongue, 14 
Sernoff on length of small intestine, 97 
Serous coat of bladder, 231 

of large intestine, 123 
of liver, 132 
of small intestine, 103 
of spleen, 316 
of stomach, 92 
of uterus, 289 
Sheep, innervation of trachea of, 176 

spleen of, 316 
Sick on reflexion of pleura, 182 
Sinus, costo-mediastinalis, 185 
epididymis, 242 
of kidney, 212, 213, 215, 217 
lactiferi, 308 
phrenico-costaliB, 185 
pleurae, 185 
pocularis, 265 
prostatic, 265 
tonsillaris, 52, 53 
of urethra, 266 
Sinuses, glosso-epiglottio, 8 
Smegma pr»putii, 255 

Scemmerring on thyro-arytenoid muscle, 164 
on varieties of liver, 144 



Soft palate (palatum moUe), 16, 47 
Solitary glands (noduli lymphatici solitcirii), 

106, 107 
Spermatic cord (funiculus spermaticus), 235 
blood-vessels of, 240 
coverings of, 238 
Spermatic fascia, 235, 289 
Spermatic plexus, 241 
Spermatozoa, 234 
Sphincter of anus, 122, 129 

external, 129 
internal, 129 
of pylorus, 94 

turethrsB Isevis of Waldeyer, 262 
urethne striatus of Waldeyer, 266 
vesicae, 233 

extemus, of Henle, 270 
internus of Henle, 262 
Sphincter-ring of pylorus, 94 
Spigelius, lobe of (lobus oaudatus), 184» 140, 

345 
Spitza on true weight of human lungs, 202 
Spleen (lien), 312 
accessory, 315 
blood-vessels of, 317 
borders of, 315 
hUum of, 314 
in the infant, 315 
lymph nodides of (noduli lymphatici 

lienalis), 317 
lymphatics of, 318 
Malpighian corpuscles of, 317 
nerves of, 318 
relation of, to peritoneum, 315, 336, 339» 

341 
situation of, 312 
structure of, 316 
surfaces of, 314 
variations in, 315 
weight of, 312 
Splenculi, 315 

Splenic flexure, 115, 116, 117, 124, 336, 341, 354 
Spongy portion of urethra (corpus spongiosum), 

253 
Stahel on calibre of trachea, 172 
Stensen, canals of, 15 

duct of, 21 
Stirling on nerves of lung, 201 
Stomach (ventriculus), 1, 73, 81, 336, 337, 
345 
anterior surface of, 89 
blood-vessels of, 96 
borders of, 90 
cardia, 87 
cardiac orifice of, 82, 86 

portion of, 89 
curvatures of, 82, 90, 91 
dimensions of, 84, 92 
examination of, 82 
form of, 81 
fundus of, 81, 82 
incisura angularis of, 91 

cardiaca of, 91 
lymphatics of, 96 
mucous membrane of. 94 
muscular coat of, 92 
nerves of, 96 
openings of, 82 
peristalsis of, 86 
position of, 81, 85 
posterior surface of, 89 
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Stomach, pylorus, 88, 97, 147 
pylorio orifice of, 88 

part of, 89 
serous coat of, 92 
submucous coat of, 94 
surfaces of, 82, 89 
variations of, according to age, 92 
varieties of, 97 
Stomach-bed, 90 
Straight tubules of kidney, 212 
Streckeisen on varieties of thyroid gland, 320, 

321 
Stroma of mammary gland, 306, 307 

of ovary, 276 
Struthers on imperfectly developed ileo-colic 

valve, 128 
Stuart and McCormack on aperture of larynx, 
166 
on position of epiglottis in swallowing, 164 
Sublingual gland (glandula sublingualis), 17, 24 
blood-vessels of, 24 
ductus Bublinguales minores of (ducts of 

Rivinus), 24 
ductus sublingualis major of (duct of 

BarthoUn), 24 
lymphatics of, 24 
nerves of, 24 
weight of, 24 
Sublobiuar hepatic veins, 141 
Submandibular gland (glandula submazillaris), 
17,22 
blood-vessels of, 23 
dimensions of, 22 
duct of, 23 
lymphatics of, 23 
nerves of, 23 
varieties of, 24 
Submucous coat of bladder, 231, 283 

of ossophagus, 61 
of large intestine, 123, 125 
of small intestine, 103, 104 
of stomach, 92, 94 
Substantia ossea, 39 
Sudoriferous glands, 306, 310 
Sulcus, alveolo-labial, 2 
alveolo-lingual, 6 
femorogenitalis, 298 
intermedins, 92 
mento-labialis, 4 
retroglandis, 253 
terminalis linguaB, 7 
Suprarenal glands (glandulae suprarenales), 62, 
312, 827, 338 
adipose tissue of, 211 
blood-vessels of, 330 
hilum of, 327 
left gland, 328 

relations of, 328 
lymphatics of, 331 
nerves of, 331 

peculiarities of, according to age, 330 
right gland, 327 

relations of, 327 
situation of, 327 
structure of, 328 
varieties of, 330 
in vertebrates, 329 
Suprarenal impression of liver (impressio 

suprarenalis), 135 
Supra-tonsillar fossa (fossa 8upra-tonsill€u-is), 
52, 53 



Suspensory ligament of clitoris, 300 

of ovary (ligamentum 
suspensorium ovarii), 
274,280 
of penis (ligamentum 
suspensorium penis), 
255, 256, 267 
ligaments of diaphragm, 180 
muscle of duodenum (musculus 
suspensorius duodeni), 101 
Sustentaculum hepatis, 338, 341, 357 

lienis, 116 
Suzanne on duct of Bartholin, 24 
Symington (J.) on pharyngeal tonsil, 51 
on rare abnormality of pancreas, 150 
on sucking-pad of cheek, 5 
on topographical anatomy of pancreas, 147 
System, (tigestive, 1 
respiratory, 152 
urogenital, 204 

Table of eruption of deciduate teeth, 44 

' of permanent teeth, 45 
Tenia coli, 116, 124-126, 359, 360 
Taguchi on the distance between the thyroid 
and cricoid cartilages, 157 
on plicse vocales and plicie ventriculares, 
167 
Tail of pancreas, 146, 147, 148, 314 
Taste-buds, 9 
Teeth (dentes), 1, 24 

alveolar periosteum of, 27 

alveoli of, 26. 27, 42, 43 

blood-vessels of, 36 

canine, 24, 27, 81, 36, 39, 40 

calcification of, 37 

cuspidate, 31 

crown of, or body of, 25, 26, 27, 28, 31;"33 

deciduate, 24, 25, 85, 37, 39, 41 

period of eruption of, 44 
dental arches of, 5, 25, 26, 42, 43 

sacs of, 37 
dentine of, 28, 37, 38, 39 
eruption of, 43 
fangs of, 26, 27, 32, 33, 35 
general form and structure of, 26 
incisors, 24, 25, 27, 28, 36, 40 
lymphatics of, 36 
molars or grinders, 24, 25, 27, 82, 36, 37, 

39, 41, 43 
multicuspidate, 33 
neck of, 26 
nerves of, 36 

number of dentitions of, 46 
of prehistoric man, 35 
permanent, 24, 25, 28, 40, 42 
period of eruption of, 44 
post-natal development and growth of, 36 
pulp-cavity of (cavum dentis), 28, 32, 36, 

36,38 
premolars or bicuspids, 24, 26, 27, 82, 36, 

37, 40, 45 
relations of developing teeth, 41 
root of, 26, 27, 30, 32, 33 
special characters of, 28 
variations in the number of, 45 
wisdom, 25, 38, 34, 37, 45 
Tela submucosa intestini, 104 

of stomach, 94 
of tubus digestorius, 56 
Temporary teeth, 24, 35, 39, 41, 42, 43, 44. 45 
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Testes or testicles, 234, 235, 241 

appendix testis, 242 

blood-vessels of, 252 

coverings of, 238 

descent of, 23^ 

dimensions of, 241 

duotuli efferentes (vasa efferentia), 242, 
244, 245 

ductus deferens of, 245 

epididymidis of, 245 

epididymis of, 242 

form of, 241 

inner muscular tunic of [Kolliker], 243 

lobuli epididymis or ooni vasculosi of, 
244 

lymphatics of, 253 

mediastinum of (corpus Highmori), 243, 
244 

mesorchium, 239 

nerves of, 253 

paradidymis of, 249 

processus vaginalis peritonsei of, 289, 240 

rete of, 244 

seminiferous tubules of, 243 

structure of, 242 

tubuli seminiferi contorti of, 244 

recti of, 244 

tunica albuginea of, 242 

vaginalis of, 238, 239, 240, 241 
vasculosa of, 243 

variations in, 242 

weight of, 241 
Testut on weight of mammary gland, 304 
Thompson on prostate, 269 
Thompson and Taylor on processus pyra- 

midalis of liver, 140 
Thyro-arytenoid ligaments, 158 

muscle, 160, 162 
Thyro-epiglottic ligaments, 155, 159 
Thyro-glossal duct, 10, 321 
Thyroid cartilage, 153, 156 

in the infant, 154 

inferior comua of, 154, 318 

isthmus of, 154 

laminse of, 153, 154, 157, 318 

linea obliqua of, 154 

morphology of, 157 

ossification of, 157 

prominentia of, 153 

superior comua of, 154 

tubercle of, inferior, 154 
superior, 154 
Thyroid gland (glandula thyroidea), 10, 312, 
318 

accessory, 321, 323 

blood-vessels of, 322 

colour of, 320 

isthmus of, 318, 321 

lateral lobes of, 318, 319 

ligaments of, 319 

lymphatics of, 322 

morphology of, 321 

muscular fasciculi of, 321 

nerves of, 323 

pjrramidal lobe of (lobus pyramidalis), 
318, 320, 321 

relations of, 318 

size of, 319 

structure of, 321 

variations in, 320 

weight of, 320 



Thyroid notch, 154 
Thymus ffland, 312, 824 
blood-vessels of, 326 
development of, 324 
foUides ot 325 
growth, involution, and weight of, 

324 
lobes of, 824, 325 
lymphatics of, 326 
nerves of, 327 
relations of, 324 
situation of, 324 
structure of, 325 
Tip of tongue, 6 

Toldt on appendix epididymi8,'_242 
on ileo-colio valve, 128 
on variations of csecum, 112 
Tongue (lingua), 6 

blood-vessels of, 14 
dorsal surface of, 6 
ductus lingualis of, 10 
foramen c»cum of, 7, 10 
frenulum linguae of, 3, 6 
glands of, 8, 10 
glosso-epiglottic folds of, 7 

fossaB or sinuses of, 8 
lymphatics of, 14 
mucous membrane of, 6, 10 
muscles of, 11*14 
nerves of, 14 
papillae of, 8-10 
plica fimbriata of, 6 
septum of, 14 
sulcus of, alveolo-lingual, 6 

terminalis linguae [His], 7 
taste-buds of, 9 
tonsilla lingualis of, 7, 55 
thyro-glos^ duct of, 10 
Tonsils, lingual (tonsilla lingualis), 7, 55 
palatine (tonsillae padatinae), 51 
blood-vessels of, 53 
capsule of, 52 

fossa supra-tonsillaris of, 52, 53 
fossulae tonsillares of, 53 
lymphatics of, 53 
nerves of, 53 
plica supra-tonsillaris of, 52 

triangularis of, 52 
sinus tonsiUaris of, 52, 53 
pharyngeal (tonsilla pharyngea), 50 
Tonsillar fossa, 53 
Tooth. See teeth 
Trabeculae of corpora cavernosa penis, 257 

of spleen, 316, 317, 318 
Trachea, 152, 172 

bifurcation of, 172 
oaurtilages of, 174 
lymphatics of, 176 
mucous glands of, 175 

membrane of, 175 
nerves of, 176 
peculiairities of, according to age and 

sex, 176 
position of, 172 
relations of, 172 
size of, 172 
structure of, 174 
vessels of, 176 
Transpyloric plane, 88, 97, 148 
Treves on ileo-caecal fold, 113—114 
on length of jejunum, 101 
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Treves on length of pelvic colon in the fetus, 120 
on length of small intestine, 97, 103 
on variations of csBcum, 112 
Tsshuewsky on vascularity of thyroid gland, 

322 
Trigonum vesioie, 228, 229, 233, 262, 294 
Tube or tubes, auditory (tubse auditivie), 47, 49 
bronchial, 195 
uterine (tubie uterinie), 280 
Tuber omentale hepatis, 136 

pancreatis, 147 
Tuberculum epiglotticum, 156 

impar, 10, 320 
Tubules of kidney (tubuli renales), 213 

collecting urinary, 213 
convoluted, 212 
straight, 212 
of paroophoron, 280 
seminiferous, of testis, 243, 244 
Tubuli seminiferi contorti, 244 

recti, 244 
Tubus digestorius, 1, 56 
Tunic, dartos, 239 
Tunica adventitia of tubus digestorius, 56 

albuginea of corpora cavernosa penis, 
257 

of epidid3anis, 243 
ovarii, 276 
testis, 242, 243 
fibrosa of kidneys, 211 
mucosa intestini, 104 

of tubus digestorius, 56 
muscularis intestini, 103 

of tubus digestorius, 56 
serosa intestini, 103 

of tubus digestorius, 56 
propria of spleen, 316 
vaginalis, 238, 239, 240, 242 
communis, 240 
propria testis, 240 
vasculosa, 243 
Turner on cerato -cricoid muscle, 162 

on incisors of Australian aborigines, 25 
on intercostal arteries, 200 
Typical mammalian dentition, 45 

Umbilical fissure or fossa (fossa venae umbili- 
calis), 138, 140 
notch (incisura umbilicalis), 188, 

134 
veins, 138, 139-140 
zones, 76, 78, 80, 102 
Uncinate process of pancreas, 147 
Urachus, 225, 227-228, 334, 335 
Ureter, 204, 216, 217 

abdominal part of, 218 
blood-vessels of, 221 
calyces renales majores of, 216, 217 

minores of, 216 

structure of, 220 
course of, 218 

in the female, 219 
in the male, 219 
dimensions of, 217 
extra-mural part of, 219 
intra-mural part of, 219 
lymphatics of, 221 
nerves of, 221 
orificium ureteris, 219 
parietal part of, 219 
pelvis of, 217 



Ureter, relations of, 218-219 
structure of, 220 

* ureter-sheath * of Waldeyer, 221 
variations of, 221 
vesical portion of, 219 
Urethra. 204 

of female (urethra muliebris), 297 
crista urethralis of, 297 
development of, 298 
nerves of, 298 
orificium urethrie externum of, 297, 

302 
relations of wall of, 298 
Skene*s tubes (ductus para-ureth- 

rales), 298 
structure of walls of, 298 
vesical orifice of, 297, 298 
vessels of, 298 
of male, 260 

anterior prostate gland of, 268 
calibre of, 267 
cavernous portion of, 266 

bulbous portion of, or sinus of, 

266 
fossa navicularis of, 266, 267 
curvature of, 267 
division of. 260, 262 
glands of Littr^ of, 266 
glanduliB bulbo-urethrales of (Cow- 

per's glands), 265, 268 
internal sphincter of (sphincter vesicae 

intemus of Henle), 262, 266 
intramural portion of, 262 
membranous portion of, 262, 265 
mucous membrane of, 266 
lacunae of, 266 
lacuna magna or sinus of Gu^rin 

of, 267 
valve of fossa navicularis of, 267 
orifice of, 228, 280, 253, 262, 266 
prostatic portion of, 262, 283. 298 
coUiculus seminalis of, 263 
prostatic sinus of, 265 
utriculus prostaticus of, 265 
urinary part of, 260 
lurogenital part of, 261 
variations of, 267 
Urinary bladder (vesica urinaria), 204, 221, 
283, 288, 294, 297, 335, 344 
base or fundus of, 223 
blood-vessels of, 233 
capacity of, 221 

cervix or neck of, 228, 234, 260, 269 
connexions of, 224-225 
distended, 228, 225 
ectopia vesicae, 230 
empty, 221, 225, 288 
interior of, 228 
lymphatics of, 234 
nerves of, 234 
peculicurities in shape and position, 

according to age, 230 
peritoneum of (in the female), 227 

(in the male), 226 
plica lureterica, 228 
retro-iu^teric fossa of, 229 
shape of, 221, 222 
structiure of, 231 
surfaces of, 222, 225 
trigonum vesicae, 228, 229, 233, 262. 294 
development of, 229 
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Urinary bladder — 

uraohus of, 222, 227-228, 230 

ureteric orifices of, 228, 229 

urethral orifice of, 224, 229, 230, 253» 262, 

294 
uvula vesiosB of, 229 
variations in number and position of 

ureteric openings, 229 
vertex of, 223 
Uriniferous tubules, 212, 213; 215 
Urogenital portion of urethra, 260, 261 
space, 271, 802 
system, 204 
Uterine glands, 290 

tube, 271, 280, 283, 286, 289, 336, 
344, 366 
ampulla of, 281 
blood-vessels of, 282 
fimbrisB of, 282 

fimbriated extremity of, 274, 282 
infundibulum of, 281 
isthmus of, 281 
length of, 281 
lymphatics of, 283 
mesosalpinx of, 73, 289 
neck of, 281 
nerves of, 283 
ovarian fimbria of, 282 
peculiarities of, according to age, 

282 
structure of, 282 
varieties of, 282 
Utero-sacral ligament, 286 
Utero-vesical fold, 288 

pouch [Douglasi] (excavatio 
rocto-uterina), 288, 294, 344 
Uterus, 271, 288, 336, 344 
anteflexion of, 288 
anteversion of, 288 
anterior ligament of. See utero-vesical 

fold), 288 
arbor vitse or plicae palmatsB of, 287 
body of (corpus uteri), 283 
blood- vessels of, 291 
broad ligaments of (ligamontum latum 

uteri), 73, 289, 336, 344 
cavity of, 286-287 
dimensions of, 283 
fundus of, 283 

ligamentum ovarii proprium, 289 
lymphatics of, 291 

masculinus. See utricle, 265 [292 

neck of (cervix uteri), 286, 286, 288, 291, 
nerves of, 292 

orifices of (orificium oxtornum uteri), 286 
(orificium internum uteri), 287 
after parturition, 290 
peculiarities of, according to age, 291 
position of, 287 
recto- vaginal ligament of, 288 
retro-flexion of, 288 
retro-version of, 288 
round ligament of (ligamenta teretos 

uteri), 288, 289 
shape and size of, 283 
situation of, 283 
structure of, 289 
varieties of, 291 
<rf virgin, 283 
Utricle (utriculus prostaticus), 252, 265 
Uvula palatina, 16 
vesicae, 229 



Vaqina, 271, 292, 295 
blood-vessels of, 295 
carina lu^thralis of, 294 
columns of (columnse rugarum),'293, 295 
fornix of, 292 
hymen of, 297 
length of, 294 
lymphatics of, 296 
nerves of, 296 
orifice of, 295, 302 
relations of, 294 
rugsB of, 296 
shape of, 292 
sphincters of, 295 
structure of, 295 
varieties of, 296 
vestibule of (vestibulum vaginsb), 292, 

302 
Vallate papillae, 8 
vaUum of, 9 
Valve or valves, anal, 129 
of appendix, 127 
of fossa navicularis, 267 
of Gerlach, 127 

ileo-coUc (valvula coU), 111, 127-128 
freena or retinae ula of, 127 
function of, 128 
of Kerkring, 105 
Valvulae conniventes, 105 
Valvular folds of rectum, 126 
Vas aberrans (ductus aberrans inferior), 248 
adferens of glomerulus, 214 
efferens of glomerulus, 214 
Vasa efferentia of testis (ductuli efferentes 

testis), 244,246 
Veins of bladder, 234 

bronchial, 176, 198-199 

of corpora cavernosa penis, 257 

of corpus cavemosum urethrse, 260 

of gaU -bladder, 145 

hepatic, 141 

interlobular, portal, 141 
of kidney, 215 

intralobular, 141 

of large intestine, 130 

of larynx, 170 

of lips and cheeks, 

of lungs, 197 

of mammary gland, 309 

of oesophagus, 61 

of ovary, 278 

of palate, 16 

of pancreas, 151 

of parotid gland, 22 

of penis, 257, 260 

portal, 141 

of prostate, 271 

of rectum, 130 

of scrotum and spermatic cord, 241 

of seminal vesicles (vesiculae seminales) 
252 

of small intestine, 108 

of spleen, 318 

of stomach, 96 

of sublingual gland, 24 

sublobular hepatic, 141 

of submandibular gland, 23 

of suprarenal glands, 330 

of testis and its ducts, 252 

of thymus, 326 

of thyroid, 322 
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Veins of tongue, 14 
of tonSls, 53 
of trachea, 176 
of ureter, 221 
of urethra of female, 298 
of uterine tube, 283 
of uterus, 291 
of vagina, 296 
of vulva, 303 
Velum palatinum, 16 
Vena cava, fossa of, 133, 135 
VensB interlobulares of kidney, 215 
reotse, 215 
stellulsB, 215 
Venous arches of kidney, 214 
Ventricles of lar3naz (ventriculi laryngis), 165, 

168 
Vermiform appendix, 110, 118, 114, 124,125, 
274, 334 
development of, 112 
dimensions of, 113 
in mammals, 113 
orifice of, 127 
position of, 113 
Vertex of bladder, 223, 227 
Verumontanum, 263 
Vesica fellea, 145 

fossa for, 188, 136 
urinaria, 221. See urinary bladder. 
Vesical orifice of urethra, 228, 230, 297 
portion of ureter, 219 
sacculus, 233 
Vesicles of thyroid gland, 321, 322 
Vesiculse seminales, 249 
structure of, 251 
variations of, 251 
Vessels. See arteries, veins, lymphatics. 
Vestibular bulbs, 295, 298, 300, 802, 303 
Vestibule or vestibulum of lar3nix, 165, 167 

oris, 2 
vaginae, 302 
of vulva, 302 
Vierordt on weight of kidney, 211 

on dimensions of liver, 144 
Villi, intestinal, 104, 106, 128 
Viscera, abdominal, 76, 80 

ligaments of, 73 
Visceral clefts, 54, 56 

peritoneum, 73 
portion of ureter, 219 
Vocal conis, false (plicae ventriculares), 167 
folds (pUcse vocales), 152, 159, 160, 162, 

167, 168 
ligaments (ligamenta vocales), 165, 

159, 163, 167 
process (processus vocalis), 155 
Voice, organs of, 152 
Vulva or pudendum, 298 

anterior commissure of, 299 

blood-vessels of, 303 

clitoris of, 300 

erectile tissue of, 300 

fossa navicularis of, 300, 302 

fourchette of (frenulum labiorum pudendi), 

299 
fraenum of, 301 

glands of (glandulae vestibularis majores) 
[Bartholini], 303 
(glandulee vestibularis minores), 
303 



Vulva or pudendum — 
labia majora of, 299 

minora of (nymphie), 299 
lymphatics of, 303 
mons pubis of (mons Veneris), 299 
nerves of, 303 

posterior commissure of, 299, 300 
prepuce of, 301 

urogenital space or pudendal cleft o^ 302 
varieties of, 303 
vestibular bulbs of, 302 
vestibule of, 302 

Waldeyeb on fossa ovarica, 274 
on position of ovaiy, 277 
on ring of lymphoid tissue encircling the 

pha^mx, 55 
on structure of ovary, 275 
Walker (G.) on blood-vessels of prostate g^nd, 
271 
on sphincter vesicae muscle, 265 
Walker (J. W. Thomson) on capacity of pelvis 
and calyces of ureter, 217 
on glomus coccygeum, 333 
on prostatic plexus of veins, 270 
on ureteric orifices, 229 
Watney on Brunner*s glands, 107 
Watson on appendix testis, 242 
Weber on colUculus seminalis, 265 
Weinberg on arrangement of coils of jejune- 

ileum, 102 
Webh on parathyroid glands, 323 
Wharton's duct, 23, 24 
Williams on supernumerary mammaiy g^and* 

311 
Windpipe, 152, 172, 175 
Winslow, foramen of, 336, 337, 846 
Wirsung, canal of, 149 
Wisdom teeth, 25, 88, 34, 37, 45 
Wolffian body, 204, 239, 249, 280, 282 

duct, 229, 234, 235, 271, 280, 294, 298 
Womb, 283. See uterus 
Wright and Benians on trigonum vesicss, 229, 

233 
Wright and Brown on appendix epididymis, 

242 
Wrisberg, cartilages of, 153, 165, 157 
Wylie on plicae ventriculares of larynx, 167 
on varieties of mammary gland, 310 

X-RAY examination of the stomach, 82 

of the omentum, 367 

Yellow races, dental index of, 26 

Zaolas, external perpendicular muscle o^ 12 

on transverse muscular fibres of tongue, 12 
Zawarykin on lymphatics of kidney, 216 
von Zeissl on pelvic splanchnics, 234 
Zones, abdominal, 75 

cortical, of testis, 244 

of cortical part of suprarenal gland, 329 

costal, 75 

hypogastric, 76, 78, 102 

subcostal, 79, 80 

umbiHcal, 76, 78, 80, 102 
Zuckerkandl on aortic glands, 332 

on dental cusps, 33 

on dental lamina, 45 

on pulmonary arteries, 200 

on pulmonary veins, 199 
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